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“  lu  this  review  of  the  pains  and  pleasures  of  a  period  which  stands  widely  apart  from  the  ordinary 
routine  of  my  existence,  I  have  felt  the  joys  and  sorrows  of  years  crowded  into  a  few  hours,  and  I  have 
risen  from  this  contemplation  of  hy-gone  days  more  and  more  deeply  impressed  with  the  conviction  of 
the  heneficent,  calming  and  ennohiing  influences  of  the  study  of  nature  generally,  and  of  the  history  of 
living  heings  more  especially.  The  study  of  zoology,  by  bringing  us  constantly  into  the  presence  of 
the  infinitely  grand  and  varied  problem  of  organisation,  and  by  comprehending  within  the  scope  of  its 
contemplation  both  animal  structures  and  that  unknown  agent  which  we  term  life,  at  once  stimulates 
our  reasoning  powers  and  elevates  our  moral  aspirations,  and  thus  satisfies  all  the  requirements  of 
our  double  nature.  And  it  is  no  doubt  owing  to  the  fact  of  this  science  appealing  simultaneously  to 
our  intellectual  and  moral  instincts  that  it  exerts  so  powerful  an  influence  over  those  who  devote 
themselves  in  a  humble  and  teachable  spirit  to  its  pursuit.” — The  Rambles  of  a  Naturalist  on  the 
coasts  of  France,  Spain,  and  Sicily,  by  A.  de  Quatrefages,  translated  by  E.  C.  Ott6, 1857. 


TO 
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I  INSCRIBE 


HENRY  GOSSE,  ESQ,  F.R.S. 

t 

Author  of  The  Aqiuirium, 


THE  RE-ISSUE  OF  THIS  PAPER,  WITH  FEELINGS 


OF  SINCERE  GRATITUDE  AND  RESPECT. 


P  E  E  F  A  C  E  . 


The  writer  haring  had  nearly  fourteen  years’  experience  in  the  management 
of  the  Marine  Aquarium,  hopes  that  this  little  hook,  which  is  an  enlargement  of  the 
original  paper  read  before  the  Society,  may  he  found  useful  to  amateurs  and  students 
who  wish  for  a  manual  of  practical  instruction  thereon. 

Being  assured  that  the  appreciation  of  the  Marine  Aquarium  as  an  important 
educational  institution  is  steadily  advancing,  and  feeling  that  any  information,  which 
from  this  point  of  view  assists  its  progress,  will  he  very  acceptable  and  valuable  to 
the  public,  the  writer  invites  criticism  from  those  who  have  studied  the  subject. 

I 

Birmingham, 

March,  1875. 
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N  THE  'TRINCIPLES  AND  /VlANAGEMENT 


/A. 


JA 


OF  THE 


ARINE  /iOUARIUM. 


Jkqx: 


I  APPEAR  before  you  as  the  author  of  a  Paper  this  evening  in 
compliance  with  the  request  of  certain  of  the  Members,  made  to  me 
some  time  since  by  the  Honorary  Secretary,  that  I  would  give  some 
information  as  to  the  management  of  my  own  Aquarium ;  and  because 
it  has  occurred  to  me  that  any  particulars  on  the  subject  of  Aquaria 
generally  may  be  accej^table  at  the  present  time,  when  public  attention 
has  been  directed  to  the  establishment  of  a  Marine  Aquarium  in 
Birmingham,  the  more  especially  as  I  have,  since  our  last  Soiree  when 
I  had  the  honour  to  introduce  the  subject,  met  many  intelligent  men  in 
the  to^vn  who  have  said  to  me,  Yes  !  a  IHarine  Aquarium  would  be  a 
capital  thing  for  Birmingham,  but  how  should  you  manage  about  the 
water  1  ”  A  very  natural  question,  and  one  perse  that  is  caj^able  of  a 
ready  answer.  Bring  it  by  rail  at  the  cheapest  rate  you  can  get  it, 
as  you  would  any  other  commodity  that  you  require  from  a  distance  ! 
But  to  my  querists  I  fear  this  answer  would  by  no  means  solve  the 

difficulty  in  their  minds,  which  is  probably  more  deep-seated  than 

B 
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THE  MARINE  AQUARIUM — Popular  notion  of  it. 

appears  on  tlie  surface — tlie  popular  notion  of  an  Aquarium  being  in 
all  probability  derived  from  those  antiquated  glass  vessels  of  globular 
shape  and  narrowed  upper  extremity  (upon  which  it  would  be  well  if 
the  Legislature  imposed  a  heavy  tax  as  a  prevention  of  cruelty  to 
animals) — in  which  gold  and  silver  fish  have  been  imprisoned,  and 
the  water  has  been  changed  at  more  or  less  irregular  intervals  !  My 
present  purpose  is  to  show, — incidentally  in  connection  with  its  prin¬ 
ciples  and  management, — what  those  experienced  in  these  matters  are 
perfectly  well  aware  of,  that  the  water  of  a  well-managed  Aquarium 
needs  to  be  changed  no  more  than  does  the  soil  of  one’s  garden  in 
which  are  grown  vegetables  and  flowers.  It  is,  however,  true  that 
there  is  a  loss  of  quantity  by  evaporation,  and  also  a  loss  of  some 
of  the  chemical  constituents  of  sea-water,  on  account  of  the  extraction 
of  calcareous  matter  by  tubeworms,  crustaceans,  &c.,  which  deposit  it  in 
constructing  their  coverings — as  vegetables  and  flowers  extract  a  certain 
amount  of  the  original  constituents  of  the  soil,  which  may  be  replenished 
from  time  to  time  by  natural  or  artificial  means.  Therefore  the  soil  is 
simply  a  medium  for  the  growth  of  plants — and  the  water  in  the 
Aquarium  a  medium  for  the  preservation  of  animals. 

Beyond  my  own  circle  of  friends  and  from  those  not  members  of  this 
Society  the  question  may  naturally  arise — but  what  are  your  qualifica¬ 
tions  for  giving  an  opinion  on  the  subject  of  Aquaria! — the  querists 
naturally  inferring  from  my  official  position  as  Treasurer  of  your  great 
Borough  that  figures  and  foraminifera — accounts  and  sea-anemones — 
blue  books  and  barnacles  have  very  few  affinities  in  common.  It  might 
be  of  little  interest  to  this  meeting  to  tell  how  upwards  of  thirteen 
years  ago,  I  first  directed  my  attention  to  the  subject  of  Marine  Zoology, 
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THE  MARINE  AQUARIUM — Tlie  writer's  early  instructors. 

but  to  me  it  is  a  very  pleasant  retrospect,  and  the  names  of  kind  friends 
to  whom  I  am  indebted  for  early  instruction,  such  as  Dr.  Wade, 
Mr.  W.  Mattieu  Williams,  formerly  of  this  Institute,  Mr.  Joseph  Bragg, 
and  others,  occur  to  my  -mind  with  grateful  remembrance.  Subsequently, 
when  I  had  outstepped  their  teachings — succeeded  those  of  Mr.  P.  H. 
Gosse,  from  whom  personally  and  through  whose  writings  I  have  derived 
the  most  valuable  information  and  benefit  in  many  ways,  similarly,  from 
Dr.  Spencer  Cobbold,  and  from  Mr.  W.  A.  Lloyd,  of  the  Crystal  Palace, 
Hamburgh  and  other  Aquaria,  whose  great  knowledge  and  experience 
have  always  been  at  my  service  during  a  period  of  twelve  years,  when¬ 
ever  I  have  sought  his  opinion.  Throughout  that  time  I  have  main¬ 
tained  in  perfect  health  marine  animals  of  great  variety  and  beauty — 
some  of  excessive  rarity — for  example  the  beautiful  Vestlet  Cerianthus 
Lloydii,  {Edioardsia  vestita)  which  figures  life-like — thanks  to  the  gifted 
pencil  of  my  friend  Mr.  G.  Sherriff  Tye  in  the  1st  part  of  the  Transac¬ 
tions  of  our  Society,  and  which  is  now  I  believe  nearly  extinct  on 
the  British  shores.  Eegarding  that  beautiful  order  of  Zoophytes  the 
Actinoida  (or  sea-anemones)  I  was  quite  surprised  on  looking  over 
the  Crystal  Palace  Hand  Book  of  my  friend  Mr.  Lloyd  to  find  that  at 
one  time  or  other  I  had  possessed  twenty-four  of  the  species  (thirty) 
enumerated  therein,  and  that,  moreover,  I  had  been  fortunate  in 
possessing  three  species  not  now  in  that  Collection.  It  is  not  too  much 
to  say  that  I  have  exhibited  to  this  Society  at  various  times  during 
its  existence — and  that  of  its  parent — ‘‘  the  Birmingham  I^'atural 
History  Association  ” — a  greater  number  of  rare  and  beautiful  marine 
animals  than  have  been  sho’wn  and  described  at  any  other  inland 
Society,  and  I  would  fain  hope  with  some  little  benefit  to  science. 
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THE  MARINE  AQUARIUM— Dkoooerij  of  it. 

I  do  not  mention  this  ostentatiously,  hut  simply  to  give  a  practical 
illustration  of  what  can  he  done  by  the  Marine  Aquarium  even  in  a 
small  way.  The  Aquarium  has  really  an  advantage  over  those  beautiful 
little  fairy-like  rock  pools  at  the  sea  coast — you  can  group  together 
animals  of  different  locahties  which  never  can  he  associated  together 
naturally — and  you  can  examine  them  at  your  leisure  in  your  own 
room,  and  I  venture  to  say  that  neither  you  nor  your  friends  will  ever 
tire  of  the  examination.  To  me  during  these  years,  the  Marine  Aqua¬ 
rium  has  been  a  subject  of  intense  interest,  and  an  intellectual  recreation 
of  the  greatest  relief  after  official  work,  always  of  a  laborious  and 
responsible  character. 

The  history  of  Marine  Aquaria  is  interesting,  and  will  repay  perusal 
by  all  who  feel  inclined  to  consult  Mr.  Gosse’s  exquisite  Book — ‘‘The 
Aquarium,”  or  Mr.  Lloyd’s  “Hand-Book  to  the  Crystal  Palace  Aquarium” 
— a  wonderful  sixpennyworth  of  information  that  ought  to  he  in  the 
hands  of  every  marine  Haturalist.  To  our  great  townsman,  the  late 
Dr.  Joseph  Priestley,  for  his  grand  discovery  of  the  mutual  depen¬ 
dence  of  plants  and  animals  on  each  other,  must  he  awarded  the 
honour  of  its  discovery.  ]N^o  matter  in  what  Aquaria — fresh-water  or 
marine — public  or  private — large  or  small — these  principles  govern 
them.  The  mode  in  which  they  are  applied  may  vary  greatly,  hut  the 
effect  aimed  at  is  the  same.  The  introduction  of  the  Marine  Aquarium 
as  an  object  of  public  interest  is  however  mainly,  if  not  entirely, 
due  to  the  delightful  books  of  Mr.  Gosse — nearly  a  quarter  of  a 
century  ago — which  contain  illustrations  by  his  pencil  so  novel, 
beautiful,  and  truthful,  besides  being  coloured  after  nature,  that '  they 
have  marked  a  new  era  in  Zoological  literature. 
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In  his  “Naturalist’s  Eambles  on  the  Devonshire  coast,”  Mr.  Gosse 
states  that  for  several  years  past  he  had  been  paying  attention  to  our 
native  Rotifer “  and  in  the  course  of  this  study  had  kept  fresh  water 
“  in  glass  vases  unchanged  from  year  to  year,  yet  perfectly  pure  and 
“  sweet  and  lit  for  the  support  of  animal  life,  by  means  of  the  aquatic 
“  plants,  such  as  Valtisneria,  &c.,  which  were  growing  in  it.  Not 
“only  did  the  Infusoria  and  Eotifera  breed  and  multiply  in  suc- 
“  cessive  generations  in  these  unchanged  vessels,  but  Entomostraca, 
“  Planai'ice,  Ncddes,  and  other  Ann  elides  and  Hydrce  continued  their 
“  respective  races ;  and  the  young  of  our  river  fishes  were  able  to 
“  maintain  life  for  some  weeks  in  an  apparently  healthy  state,  though 
“  (perhaps  from  causes  unconnected  with  the  purity  of  the  water)  I 
“  was  not  able  to  preserve  these  long.” 

“  The  possibility  of  similar  results  being  obtained  with  sea-water 
“  had  suggested  itself  to  my  mind,  and  the  subject  of  growing  the 
“  marine  Algce  had  become  a  favourite  musing,  though  my  residence  in 
“  London  precluded  any  opportmiity  of  carrying  out  my  project.  My 
“  notion  was  that  as  plants  in  a  healthy  state  are  known  to  give  out 
“  oxygen  under  the  stimulus  of  light,  and  to  assimilate  carbon,  and 
“  animals  on  the  other  hand  consume  oxygen  and  throw  oft  carbonic 
“  acid,  the  balance  between  the  two  might  be  ascertained  by  experi- 
“  ment,  and  thus  the  great  circular  course  of  nature,  the  mutual 
“  dependence  of  organic  hfe,  be  imitated  on  a  small  scale.”'^ 

Mr.  Gosse  then  describes  at  length  his  most  interesting  and  suc¬ 
cessful  experiments  with  marine  animals  and  plants,  based  on  “  the 


*  “  A  Naturalist’s  Eambles  on  the  Devonshire  Coast,”  by  P.  H.  Gosse,  A.L.S.,  &c., 

London  1853,  pp.  228-9. 
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TEE  MARINE  AQUARIUM— Mr.  Gosse's  invention  of  the  name. 

important  anticipation  that  by  this  plan  great  facilities  would  he 
“  afforded  for  the  study  of  marine  animals,  under  circumstances  not 
widely  diverse  from  those  of  nature,”  and  it  is  a  very  remarkable 

coincidence,  that  experiments  exactly  parallel  to  his,  and  founded  on 
the  same  principles,  were  simultaneously  prosecuted  with  the  same 
residts,  by  Mr.  Eobert  Warington,  of  Apothecaries’  Hall,  London, 
(since  deceased),  who  preceded  Mr.  Gosse  in  instituting  these  experi¬ 
ments. 

Soon  after  this  period  (1852)  the  Marine  Aquarium  became  a 
fashionable  amusement  which  reached  a  fever  of  excitement  in  1860 — 
something  like  potichomanie  or  crochetwork — and  appears,  on  Mr. 
Lloyd’s  authority,  to  have  nearly  died  out  in  1862,  or  to  have  been 
confined  to  a  few  enthusiastic  amateurs — since  which  period,  how¬ 
ever,  public  Aquaria  have  steadily  grown  into  favour. 

To  help  us  to  arrive  at  a  knowledge  of  the  princijjles  of  the 

Aquarium  we  must  first  ascertain  what  it  is.  To  Mr.  Gosse  we  are  in- 

* 

debted  for  the  name  Aquarium — as  applied  to  a  receptacle  for  plants 
and  animals  mutually  balancing  each  other — and  he  discusses  in  his 
delightful  book  with  that  title,  its  propriety  as  such,  being  a  word 
‘‘  easily  pronounced  and  easily  remembered,  significant,  and  expressive.” 
Dr.  Carpenter,  and  others  use  the  term  Vivarium — to  which  Mr.  Gosse 
objects,  as  it  lacks  distinctness  of  meaning,  literally  being  an  enclosure 
in  which  living  animals  are  kept,  such  as  a  park,  a  rabbit  warren,  or  a 
fish  pond,  in  which  sense  it  was  used  by  the  Ancients.  Some  authors 
have  lengthened  the  term  to  Aqua-vivarium,  to  which  Mr.  Gosse  also 
objects  on  account  of  its  length  and  uncouthness.  The  word  Aquatium 
is,  therefore,  in  use  popularly  as  signifying  a  collection  of  a(|uatic  animals 
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THE  MARINE  AQUARIUM — Mr.  LloijTs  description  of  it. 


maintained  in  liealtli  by  plants,  or  by  artificial  means  supplying  their 

/ 

place,  ‘‘  distinguishing  it  as  a  Fresh-water  Aquarium  if  the  contents 
“  be  fluviatile,  or  a  Marine  Aquarium  if  it  be  such  as  I  have  made  the 
“subject  of  the  present  volume.”'^ 

I  venture  to  suggest  the  word  Aquariist  as  the  most  convenient, 
if  not  the  most  correct,  as  applicable  to  one  skilled  in  the  manage¬ 
ment  of  the  Aquarium.  I  do  so,  because  the  word  Aqiiariologist  is  too 
long,  and  the  word  Aquarian  is  too  indefinite,  it  has  been,  I  believe, 
used  in  three  senses;  1.  By  my  friend  Mr.  Newman,  to  a  person  who 
works  at,  or  keeps  an  Aquarium ;  2.  By  the  Americans  to  a  “  water 
drinker,”  or  “teetotaller;”  and  3.  By  the  early  Christians,  who  used 
water  instead  of  wine  in  the  celebration  of  the  Eucharist.  Mr. 
Newman’s  definition,  however,  has  priority  to  recommend  its  adoption 
if  desirable. 

Mr.  Lloyd,  in  his  book  before  referred  to,  which  contains  the 
most  recent  results  of  his  large  practical  experience,  describes  the 
Aquarium  as  “  an  arrangement  for  the  maintenance  of  living  animals, 
“under  the  following  three  conditions,”  viz.: — 

“  1st.  The  water  must  not  be  changed,  though  it  may  receive 
“  addition  from  time  to  time  of  whatever  it  may  lose,  as,  for  instance, 
“  in  fresh  water  by  evaporation,  or  in  such  solid  matters  as  are  taken 
“  from  it  in  the  course  of  the  formation  of  the  shells  and  other  hard 
“  parts  of  creatures  existing  in  it. 

“  2nd.  The  water  must  be  kept  not  only  in  a  pure  and  respirable 
“  condition  by  its  absorption  of  atmospheric  air  at  its  surface,  which 

*  “  Tlie  Aquarium ;  an  uuveiliug  of  the  wonders  of  the  deep  sea,”  by  P.  H. 

Gosse,  F.R.S.  Second  Edition.  London,  1856,  p.  251. 
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THE  MARINE  AQUARIUM — Admission  of  hmrf-hreafhers. 

“  absorption  may  or  may  not  be  increased  by  putting  the  water  in 
“  motion  in  any  convenient  manner,  but  tliis  purity  must  be  assisted 
‘^by  the  presence  of  vegetation  growing  in  it,' and  tending  to  decompose 
tbe  poisonous  carbonic  acid  gas  evolved  from  the  animals,  such  vege- 
“  tation  taking  up  the  carbon  of  the  gas  into  its  own  substance,  and 
“  liberating  the  resulting  oxygen  for  the  use  of  the  creatures. 

“  3rd.  The  Animals  must  not  be  lung-breathers,  that  is  to  say,  they 
“  must  be  either  such  as  the  sea-anemones  and  corals  and  some  others 
which  have  the  function  of  respiration  diffused  over  their  entire 
bodies  ;  or,  be  such  as  the  creatures  above  them  (up  to  and  ending 
‘‘  with  fishes),  which  are  provided  with  gills  during  their  whole  period 
of  existence.  As  lunged  animals  do  not  require  the  purifying  pro- 
“  cesses  just  alluded  to,  an  Aquarium  is  not  for  their  use,  and  they  are 
‘‘  therefore  excluded  from  it ;  and  this  exclusion  applies  even  to  such 
aquatic  animals  as  water  lizards,  frogs,  and  salamanders  in  their  adult 
states.”* 

Exception  may  be  taken  to  the  third  of  Mr.  Lloyd’s  propositions 
because  the  admission  or  rejection  of  lung-breathers  in  no  way  interferes 
with  the  balance  of  the  Aquarium,  and  it  is,  therefore,  a  mere  matter 
of  opinion.  The  j^resence  of  an  aquatic  mammal  in  an  Aquarium 
sufficiently  large  for  its  accommodation  would,  it  seems  to  me,  be 
somewhat  analogous  to  the  position  of  a  ship  sailing  over  the  sea. 
The  motion  of  the  ship  would,  to  a  feeble  extent,  aerate  the  water  by 
disturbance  of  its  surface — the  mammal,  by  its  swimming  in  the  Tank, 
would  mechanically  contribute  to  the  same  effect  in,  of  course,  a 

*  “  Official  Hand  Book  to  tlie  Marine  Aquarinm  of  tlie  Crystal  Palace  Aquarium 
Company  (Limited),”  by  W.  A.  Lloyd.  Fourth  Edition,  1873,  pp.  7,  8. 
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greater  degree,  but  so  far  as  chemical  action  is  concerned,  ex¬ 
cept  as  to  the  excreta  which  would  probably  be  insignificant 
in  the  large  mass  of  water  required  for  its  accommodation,  the  mammal 
could  not  have  an  appreciable  infiuence  either  in  maintaining  or 
disturbing  the  balance.  Those  who  saw  the  first  porpoise  in  the 
Brighton  Aquarium  will  doubtless  remember,  that  in  the  large 
Tank  in  which  it  was  confined  there  were  a  number  of  conger 
eels,  which  of  course  supplied  the  ‘^animal  balance,”  and  there¬ 
fore  the  presence  of  the  mammal  was  not  essential  to,  and  in 
no  perceptible  way  interfered  with  such  balance — and  moreover, 
there  was  ample  space  for  its  accommodation  without  interfering 
in  any  way  with  the  congers,  which  generally  rested  at  the  bottom 
of  the  Tank.  Bearing,  therefore,  these  points  in  mind,  and  even 
admitting  that  an  Aquarium  is,  according  to  Mr.  Lloyd’s  third  pro¬ 
position,  a  hahitat  solely  for  marine  or  fresh-water  animals  not 
being  lung  breathers — and  supposing  it  is  determined  to  keep  lung 
breathers  as  well — such  as  porpoises,  dolphins,  etc. — surely  they  must 
be  maintained  in  water  loliicJi  for  all  practical  purposes  will  he  an 
Aquarium^  although  not  strictly  answering  to  its  original  but  perhaps 
somewhat  restricted  name,  and  for  reasons  already  stated  it  is  not 
desirable  to  change  that  name — rather  then  let  it  be  more  comprehensive 
and  admit  (where  practicable)  animals  of  higher  organisation,  such 
as  those  referred  to. 

Writing  on  this  subject,  and  on  others  in  connection  with  the 
Marine  Aquarium — in  the  progress  of  which  he  has  always  taken  the 
deepest  interest — in  the  Zoologist  for  1873,  Mr.  ISTewman  says  :  ^^A 

porpoise  or  dolphin  is  as  legitimate  an  object  for  the  Aquarium  as  a 
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dog-fisli  or  a  skate ; — I  wonld  even  introduce  a  spermaceti  wliale 
did  not  his  magnitude  and  muscular  powers  suggest  certain  difficulties 
hotli  to  his  transit  and  to  his  captivity.”  ^ 

I,  therefore,  in  common  with  Mr.  Newman,  agree  to  differ  with 
our  friend,  and  consider  the  managers  of  the  Brighton  or  any  other 
public  Aquarium  are,  without  involving  the  sacrifice  of  the  name 
Aquarium,  or  violating  the  law  that  governs  it,  perfectly  justified  in 
introducing  a  porpoise,  or  other  aquatic  mammal,  if  they  can  secure 
and  maintain  it  alive,  and  exhibit  it  to  the  public  as  an  object  of 
interest,  or,  what  is  more  important,  derive  from  it  information  on  any 
point  of  scientific  value. 

How  and  by  what  means  the  other  important  propositions  involving 
the  perpetual  chain  of  evolution  of  one  gas  by  one  series  of  life,  and 
its  absorption  under  modified  conditions  by  another  series,  it  in  its 
turn  giving  off  in  exchange  the  life  constituents  necessary  for  the 
first,  and  thus  constituting  the  balancing  principle  of  the  Marine 
Aquarium,  are  to  be  successfully  carried  out — I  will  try  and  exj)lain, 
— very  briefly  on  this  occasion,  and  so  far  as  our  present  knowledge 
permits — for  the  limits  of  a  Paper  of  this  description  will  not  allow 
of  very  elaborate  detail. 

I  venture  to  define  an  Aquarium  in  its  liberal  sense,  as  being  a 
vessel  of  some  kind  for  marine  or  fresh-water  animals  to  live  and  move 
in,  under  conditions  where  a  sufficient  amount  of  oxygen  is  supplied 
naturally  or  artificially  for  the  existence  of  such  animals,  whether  it  be 
in  the  case  of  the  simpler  forms  of  life,  such  as  sea-anemones  which 

*  The  Zoologist,  conducted  by  Edward  Newman,  F.L.S.,  P.Z.S.,  Second  Series, 
September  1873,  p.  3,663. 
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respire  over  the  whole  surface  of  their  bodies,  or  animals  of  higlier 
organisation  where  the  organs  of  respiration  are  differentiated,  as  fishes, 
which  respire  by  means  of  gills  ;  or  mammals  which  breathe  by  means 
of  lungs  j  such  mammals  absolutely  requiring  water  as  a  means  to  move 
in,  and  coming  to  its  surface  to  obtain  oxygen  from  the  surrounding 
atmosphere  necessary  to  breathe  in.  ^ 

The  three  cardinal  subjects  to  bear  in  mind  in  their  order  of 
importance,  influencing  these  conditions,  are  light,  aeration  (which 
implies  circulation),  and  temjperature. 

The  recent  researches  in  deep-sea  dredging  although  they  have 
cleared  up  many  most  important  points  as  to  the  geographical  distribu¬ 
tion  of  marine  animals — pressure — currents — temperature,  etc.,  of  the 
sea,  and  have  inaugurated  the  wonderful  doctrine  of  “  the  continuity  of 
the  chalk,”  have  left  us  still  in  much  obscurity  about  that  mighty 
question  light,  and  its  effects  on  marine  life.  The  latest  accounts 
record  instances  of  animals  composed  almost  wholly  of  eyes — wliilo 
others  indicate  the  total  absence  of  such  organs  in  other  animals  ! 
Phosphorescence  may  at  great  depths  compensate  the  absence  of  light, 
for  we  read*  that  at  a  depth  of  about  600  fathoms — off  the  South 
East  coast  of  Ireland — Many  of  the  Animals  were  most  brilliantly 
phosphorescent,  and  we  were  afterwards  even  more  struck  by  this 
phenomenon  in  our  Northern  cruise.  In  some  places  nearly  every- 
thing  brought  up  seemed  to  emit  light,  and  the  mud  itself  was 
perfectly  full  of  luminous  specks.  The  Alcyonarians,  the  brittle-Stars, 
^‘and  some  Annelids  were  the  most  brilliant.  The  Pennatidce,  the 
Virgularice,  and  the  Gorgoniae  shone  with  a  lambent  white  light, 

*  “  The  Depths  of  the  Sea,”  by  Professor  Wyville  Thomson,  F.E.S.,  1873,  p.  98. 
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“  so  bright  that  it  showed  quite  distinctly  the  hour  on  a  watch;  whilst 
“  the  light  from  Ophiacantha  spinidosa  was  of  a  brilliant  green, 
coruscating  from  the  centre  of  the  disk,  now  along  one  arm,  now 
along  another,  and  sometimes  vividly  illuminating  the  whole  outline 
‘‘  of  the  star-fish.” 

It  is  certain  that  light  is  the  primary  question  to  be  considered  in 
relation  to  Aquaria.  The  presence  of  it  in  an  uninterrupted  volume 
combined  with  a  high  rate  of  temperature,  may  in  a  few  days  convert 
an  Aquarium  which  was  in  an  efficient  condition  of  health  and 
beauty  of  the  inhabitants,  into  a  decomposing  mass.  It  must  be  borne 
in  mind,  however,  that  light  alone  without  a  high  temperature  cannot 
cause  decomposition  in  an  Aquarium.  Excessive  light  causes  an 
excessive  development  of  Algae  spores,  which  make  sea-water  and  even 
fresh-water  opaquely  green,  but  that  does  not  interfere  with  the  health 
of  the  animals.  When  the  temjeerature  is  above  40®  Ear.,  light  must 
be  admitted  sparingly,  and  adjusted  as  to  quantity  and  quality.  The 
direct  rays  of  the  sun  should  never  be  'allowed  to  converge  on  an 
Aquarium,  especially  if  they  proceed  from  the  direction  of  the  south, 
or  west,  or  south-west. 

Eigure  1  represents  a  glass  Tank  transparent  on  all  sides — placed 
in  a  conservatory — with  the  rays  of  the  sun  in  this  objectionable 
manner.  The  situation  is  objectionable,  the  light  and  heat  are 
objectionable,  the  vessel  is  objectionable.  They  illustrate  the  extremes 
to  be  avoided — because  in  addition  to  the  great  heat  directed  upon  the 
Tank — the  growth  of  vegetation  will  be  too  excessive — no  part  of  the 
Tank  will  be  free  from  its  development.  It  is  a  false  balance. 

Eigure  2  represents  a  lateral  form  of  illumination  in  a  far  less 
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objectionable  manner  for  transparent,  and  still  less  for  opaque  Tanks,  the 
straight  lines  in  the  figure  representing  the  passage  of  the  rays  of  light, 
which  in  the  former  case  would  pass  through,  as  at  the  dotted  lines 
— and  although  the  light  in  these  instances  may  be  right  from  a 
point  in  which  the  north  and  east  rays  predominate — the  form  of  the 
vessel  is  bad,  especially  in  the  transparent  one,  where  the  rays  pass 
through  it,  as  it  offers  too  large  a  surface  for  the  reception  of  light,  and 
the  consequent  excessive  growth  of  vegetation  is  promoted. 

Figure  3  represents  what  my  experience  has  proved  to  be  the  most 
effective,  viz. :  the  slope  back  dark-chamber  Tank,  which  I  have  had  in 
constant  use  upwards  of  twelve  years,  invented,  I  believe,  by 
Mr.  Edward  Edwards,  late  of  Menai  Straits,  but  now  of  Chester, 
(whose  beautiful,  and  successfully  managed  Aquaria  you  wdl 
remember  I  had  the  pleasure  of  describing  to  this  Society  in  the 
Autumn  of  1868)  and  which  was  manufactured  by  Mr.  Lloyd. 
In  it  there  is  a  minimum  space  for  the  reception  of  the  rays  of 
light.  It  consists  of  slate  and  glass.  The  dimensions  are  about 
22  inches  long,  by  18  inches  wide,  and  9  inches  high.  Its 
capacity  is  about  twelve  gallons.  Three  sides  are  opaque — the  fourth 
(of  glass)  transparent.  It  is,  therefore,  viewed  horizontally  from  the 
room  in  which  it  is  placed,  which  is  its  best  aspect  for  the  examination 
of  the  inhabitants,  but  of  course  it  permits  of  vertical  observation 
in  addition.  The  dark-chamber  is  intended  to  hinder  the  excessive 
formation  of  the  spores  mentioned  at  page  20,  but  it  does  not  prevent 
the  formation  of  vegetation  on  the  rockwork,  etc.  It  contains  a 
shelving  platform,  on  which  are  piled  masses  of  rockwork  up  to 
the  top  of  the  inclined  surface,  and  thus  the  animals  can  select 
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depths  of  water  most  agreeable  to  them.  The  dark-chamber  at 
the  back  excludes  the  mass  of  water  therein  from  the  light,  thus 
keeping  it  cool  and  free  from  vegetation,  but  there  is  a  free  circulation 
between  this  and  the  main  body  of  water  in  the  Tank,  artificially 
assisted  as  hereafter  described.  Moreover,  the  rays  of  light  coming 
from  a  north-easterly  point,  (which  is  the  best  aspect  for  an  Aquarium, 
and  which  is  the  position  in  which  mine  is  placed) — in  a  slanting 
direction  parallel  with  the  platform,  enter  the  water  at  its  surface 
only.  Any  other  mode  of  illumination  is  bad — and  experience  during 
twelve  years  has  demonstrated  to  me,  in  maintaining  rare  and  deli¬ 
cate  animals,  that  this  form  of  Aquarium  for  private  purposes  is  the 
best  of  all.  This  arraugement  is  not  necessary  in  public  or  other 
Aquaria  provided  with  streams,  because  separate  reservoirs,  such  as 
that  which  the  Crystal  Palace  possesses,  form  in  themselves  the  dark 
chambers.  Any  Aquarium  may  be  exposed  to  great  light  and  may  be 
unprovided  with  an  annexed  dark  chamber,  and  yet  it  may  act 
well,  if  it  has  a  separated  reservoir  underground,  of  four  or  five  times 
the  capacity  of  the  Aquarium,  with  which  it  is  in  constant  and 
sufficient  communication. 

As  to  aeration,  it  follows — the  larger  the  surface  of  water  exposed 
to  the  atmosphere  the  larger  amount  of  oxygen  will  be  absorbed. 
Mv.  Lloyd  justly  says  that — the  value  of  water  for  Aquarium  pur- 
“  poses  does  not  within  certain  limits  depend  so  much  upon  the  bulk 
of  it  as  upon  the  advantageous  distribution  of  that  buUc  over  large 
spaces.”  Observe  the  following  illustrations  ; — 

Figures  4  and  5  represent  two  Tanks  or  vessels  of  equal  capacity 
- — the  contents  of  each  being  1,000  cubic  inches.  The  depth  to  the 
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water  line  as  shown  by  the  dotted  lines  respectively,  is  in  No.  5 — 
5  inches  ;  and  in  No.  4 — 20  inches.  The  surface  water  in  contact  with 
the  atmosphere  is  in  No.  5,  200  square  inches,  and  in  No.  4,  only  50 
square  inches.  Therefore  the  absorption  of  air  is  in  No.  5  four  times 
as  much  as  in  No.  4.  Again,  if  the  surface  of  No.  5  is  smartly  agitated 
for  a  few  minutes,  the  whole  column  of  water  is  exchanged — hut  the 
time  necessary  for  this  exchange  would  in  No.  4  he  quadrupled. 
Therefore  No.  5  would  accommodate  twenty  animals  in  health,  against 
a  fourth  of  that  number  in  No.  4.  These  figures  are  copied  from 
Mr.  Lloyd’s  first  hook,  published  in  1858,*  and  have  been  litho¬ 
graphed  for  me  by  Mr.  G.  Sherriff  Tye,  to  whom  I  record  my  obligation, 
as  also  for  the  other  five  original  drawings. 

The  TanL  which  I  have  mentioned,  permits  in  a  greater  degree  this 
mode  of  aeration  than  any  other.  With  healthy  plants  growing  in 
it,  and  balancing  the  animal  life  it  needs  but  a  minimum  of  attention. 
All  that  is  required  being  the  breaking  of  the  surface,  so  as  to  exchange 
the  water  in  contact  with  the  atmosphere,  and  prevent  the  accumu¬ 
lation  of  a  film  of  dust.  This  breaking  ”  is  effected  by  means  of  a 
pair  of  boxwood  forceps  about  seventeen  inches  long,  as  at  Fig.  7.  The 
forceps  are  held  firmly  and  passed  rapidly  through  the  water  for  a 
few  minutes  until  the  whole  mass  has  been,  disturbed,  and  bubble-like 
froth  in  which  atmospheric  air  is  entangled  appears  on  the  surface. 
This  mode  is  preferable  to  syringing  or  such  like  operations.  These 
latter  disturb  the  stratum  of  shingle  at  the  bottom  of  the  Tank,  and 
do  not  effect  an  equal  distribution  of  the  air  introduced  j  besides, 

*  “A  List  of  whatever  relates  to  Aquaria,”  hy  W.  A.  Lloyd,  London,  1858, 
p.  130,  and  “  Supplement  to  the  same,  1860.” 
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the  interior  of  a  syringe  soon  becomes  objectionable  in  odour,  and 
unfit  for  use.  My  observations  under  this  head,  will  explain  the 
reasons  expressed  in  an  earlier  part  of  my  Paper  against  the 
fish-globe  shape  for  Aquaria,  where  the  surface  is  narrowed  and 
contact  with  the  atmosphere  lessened.  Por  those  who  do  not  care  to 
invest  in  a  Tank,  a  nice  little  Aquarium,  Fig.  6,  can  be  had 
for  a  few  shillings.  Obtain  a  confectioner’s  cake-glass  of  about  13  or 
14  inches  diameter,  and  6  or  7  high — of  flint  glass  free  from  flaws,  have 
a  pedestal  stand  turned  for  it  of  some  hard  wood  with  an  aperture 
for  the  knob  to  fit  in ;  and,  although  you  will  have  some  trouble  in 
the  adjustment  of  the  light,  still  with  care  you  may  obtain  some  very 
good  effects,  and  maintain  for  a  long  time  many  marine  animals  of  the 
radiate  type  and  even  small  fishes  in  excellent  health.  It  cannot, 
however,  be  considered  a  model  Aquarium. 

Paint  is  excessively  injurious  to  the  contents  of  an  Aquarium,  and 
wherever  painting  is  going  on  in  the  house,  the  Aquarium  should  be 
removed  to  another  room  away  from  its  influence.  Miss  Stephens, 
of  Bridport,  who  has  had  considerable  experience  in  the  management 
of  Aquaria  during  many  years,  informs  me  that  exposure  to  the  in¬ 
fluence  of  an  atmosphere  impregnated  with  the  smell  of  paint  entirely 
destroyed  the  inmates  of  an  Aquarium,  anti  a  similar  case  occurred 
within  my  own  experience  in  which  a  rare  fish  died  from  the  effects  of 
varnish  used  after  painting  in  the  apartment  in  which  the  Aquarium 
was  placed ;  the  volatile  constituent  of  the  varnish  condensed  as  a 
scum  on  the  surface  of  the  water,  and  thus  interfering  with  proper 
aeration  produced  the  effect  described. 

If  the  Fishes  seek  the  surface  of  the  Aquarium  constantly — or 
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refuse  food  at  the  usual  time — if  the  anemones  reject  food — or  pro¬ 
trude  the  walls  of  the  alimentary  cavity — or  abnormally  elongate  the 
column — or  detach  the  base  from  the  rockwork  and  lie  about  loosely 
— these  are  bad  signs,  indicating  local  decomposition,  overcrowding, 
or  the  effects  of  insufficient  aeration,  and  the  evil  must  be  at  once 
sought  out  and  remedied. 

The  common  anemone  of  the  coasts  {Actinia  mesemhryanthemum) 
is,  I  believe,  the  best  indicator  of  the  healthy  state  of  a  Tank,  as  it 
refuses  to  expand  when  the  water  is  in  an  insufficiently  aerated  con¬ 
dition,  or  too  dense  from  an  insufficient  supply  of  fresh  water. 

The  higher  the  organisation  of  the  animal  the  greater  is  its 
breathing  capacity — therefore  in  pubhc  Aquaria,  where  large  fishes 
are  maintained,  a  free  circulation  of  water  through  the  Tanks,  seems  to 
me  in  the  absence  of  a  full  complement  of  plants  a  necessity  to  obtain 
perfect  aeration,  and  without  it  it  appears  to  me,  to  say  the  least, 
doubtful  that  such  Aquaria  can  be  conducted  with  that  economy  and 
successful  result  which  characterise  the  circulating  system. 

Various  mechanical  appliances  have  at  times  been  suggested  for 
aerating  the  water  in  Aquaria — notably  that  of  Mr.  Hurwood,  of 
Ipswich,  in  1859,  which  was  “an  arrangement  whereby  the  pressure  of 
“  a  stream  of  fresh-water,  such  as  exists  in  the  pipes  of  waterworks  in 
“  towns,  or  such  as  can  be  got  from  a  high  cistern  already  existing  in  a 
“  dwelling-house,  may  be  employed  to  compress  air,  which  compressed 
“  air  in  turn  forces  a  current  of  sea-water  into  an  Aquarium. — This 
“arrangement  was  adopted  in  several  private  Aquaria  in  England, 
“  but  afterwards  on  a  much  larger  scale  in  the  first  j)ublic  Aquarium 
“  erected  in  Paris,  in  the  Aeclimatation  Garden,  in  1859.  This  Aquarium 
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was  very  successful,  tlie  sea-water  not  being  changed  once  during  its 
“  thirteen  years  of  existence.”  The  late  Dr.  Ball,  of  Dublin,  also 
invented  “  a  method  of  keeping  sea- water  in  occasional  motion  by 
“passing  bubbles  of  air  through  it  with  a  pair  of  bellows,”  and  it  was 
proposed  that  the  apparatus  should  be  worked  by  visitors  to  the  public 
Aquarium  of  that  city^ — but,  I  believe,  it  is  not  recorded  as  to  whether 
the  invention  was  successful  in  its  results.  Some  years  ago,  I  availed 
myself  for  a  short  time  of  a  contrivance  for  aerating  the  water,  by  sus¬ 
pending  over  the  Aquarium  two  or  three  feet  high,  a  bell-glass 
perforated  at  the  bottom.  This  glass  was  filled  once  or  so  in  a  day, 
and  the  water  allowed  to  filter  through  a  sponge,  and  drop  into  the 
Tank  below.  On  the  whole  I  found  the  effect  incommensurate  with 
the  trouble  occasioned,  and  I  discontinued  the  proceeding.  Where 
practicable,  Otto  and  Langen’s  gas  engine  appears  to  be  an  exceedingly 
effective,  economic  and  compact  motive  power  for  providing  continuous 
circulation.  The  magnificent  circulating  system  in  use  at  the  Crystal 
Palace  Aquarium  will  be  briefly  referred  to  hereafter. 

Tides,  winds,  storms,  plants,  all  contribute  to  the  aeration  of  the 
sea,  and  all  our  contrivances  are  only  endeavours  to  imitate  the  effect 
of  the  operations  of  these  agencies. 

As  to  temperature — this  is  a  very  important  subject  in  connection 
with  Marine  Aquaria — apprehended  more  clearly  perhaps  when  it  is 
known  that  the  temperature  of  our  Seas  within  the  depths  from  which 
we  obtain  most  of  the  animals  adapted  to  exist  in  Aquaria,  only 
exhibits  a  range  of  about  25  degrees,  between  40®  and  65®  Pahrenheit, 
whereas  our  atmospheric  temperature  varies  enormously.  I  am  in- 


*  Official  Hand  Book  to  tlie  Marine  Aqnarium  of  the  Crystal  Palace,  &c.,  page  20. 
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formed  that  in  Britain  the  lowest  recorded  temperature  in  air  in  the 
shade  is  — 7®  Fahrenheit,  and  the  highest  in  air  in  the  shade  is 
93®  Fahrenheit — or  a  range  of  100  degrees.  Consequently  it  is 
most  desirable  that  the  former  range  (40®  to  65®)  shall  he  main¬ 
tained.  The  water  in  the  Aquarium  should  always  be  cold  to  the 
hand,  let  the  temperature  of  the  atmosphere  he  whatever  it  may. 
Placed  in  a  north-easterly,  or  north,  or  east  position,  as  I  have 
stated  previously,  and  in  a  room  well  ventilated,  and  that  has 
ordinarily  in  cold  months  a  fire  burning  in  it,  there  is  little  to  he  feared. 
Extreme  cold,  although  sometimes  fatal  to  animals  of  the  radiate  type, 
is  not  accompanied  hy  rapid  decomposition,  on  account  of  the  low  tem¬ 
perature  prevailing,  and  it  may  he  modified  hy  placing  over  the  Tank 
at  night  a  newspaper,  or  covering  of  some  non-conducting  material. 
At  other  times  the  Tank  should  not  he  covered,  hut  exposed  to  the  free 
play  of  the  atmosphere.  The  danger  is  greatest  from  an  opposite 
cause,  arising  from  rapid  decomposition,  when  almost  tropical  heat 
suddenly  sets  in  during  the  summer  months.  At  this  time  the 
patience  of  the  Aquariist  will  he  tried — hut  hy  frequent  ventilation  of 
the  apartment — hy  shutting  off  light  hy  means  of  a  Venetian  or  other 
blind — hy  the  introduction  of  a  piece  of  ice  once  a  day,  and  above  all 
means  hy  not  overcrowding  the  Aquarium  with  animals,  one  may  pull 
through  even  the  ‘‘  dog  days”  with  success.  It  is  desirable  here  to 
mention  that  it  is  a  great  mistake  when  a  Tank  is  going  on  well  to 
add  to  its  stock.  Eefuse  your  friends’  present  courteously  hut  firmly, 
and  do  not  he  tempted  under  any  circumstances  to  accept  the  respon¬ 
sibility  of  a  “  white  elephant.” 

Eespecting  the  management  of  the  Marine  Aquarium,  which  is 
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pnrely  practical — tlie  good  old  proverb,  “  cleanliness  is  next  to  god¬ 
liness,”  is  eminently  applicable.  If  we  regard  the  Aquarium  in  the 
light  of  a  Sanitorium  or  House  of  Convalesence,  which  is  a  conve¬ 
nient  mode  of  fixing  upon  one’s  mind  the  necessity  for  the  greatest 
amount  of  purification  naturally  and  artificially  to  be  always  carried 
on,  we  shall  instinctively  manage  it  with  this  object  in  view,  never 
introducing  anything  impure,  or  in  even  a  state  of  semi  decomposition, 
removing  such  if  discovered,  and  being  careful  to  aerate  the  water  and 
purify  whatever  was  near  the  decomposing  substance.  Do  not,  how¬ 
ever,  think  that  this  is  a  tedious  and  harassing  process.  It  is 
nothing  of  the  kind.  Ten  minutes  a  day — five  at  night  and  five  in  the 
morning — are  quite  sufficient  for  all  the  necessary  work  needed. 
Mr.  Lloyd  very  justly  says  in  his  Hand  Book  before  referred  to — 
that  the  reason  why  Aquaria  in  private  houses  have  met  with  such 
“  small  success  may  be  found  in  the  natural  difficulty  of  the  whole 
“  thing;  in  the  general  want  of  a  knowledge  of  Zoology  among  those 
attempting  it ;  and  in  the  difficulty  of  producing  an  at  once 
‘‘  sufficiently  comprehensive  and  practical  manual  of  instructions  on 
the  subject.  General  laws  can  only  in  such  cases  be  stated, 
‘‘  as  it  is  iiot  possible  to  give  any  definite  rules,  applicable  under  all 
“  circumstances,  respecting  the  kind,  sizes,  and  number  of  animals 
which  may  be  permanently  kept  in  a  given  quantity  of  water,  inas- 
“  much  as  the  capability  of  the  water  for  maintaining  the  animals  in  a 
private  house  (and  even  in  a  building  specially  made  for  Aquarium 
‘^purposes),  is  liable  to  continual  change  from  various  circumstances, 
among  which  temperature  is  a  principal  one,  and  regulation  of  light 


*  pp.  12 — 13. 
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“  is  anotlier.  Sucli  capability  is  also  greatly  affected  by  tlie  propor- 
“  tions  of  tbe  vessel  containing  the  water,  for  if  the  fluid  is  spread  out 
‘‘  in  shallow  masses,  its  absorption  of  air  by  mere  surface  contact  with 
it,  and  its  consequent  good  condition  is  much  greater  than  when  it  is 
‘‘  piled  up  (so  to  speak)  in  tall  masses  with  small  surface  area.” 

Undoubtedly  a  stream  of  water,  intermittent  or  continuous,  accom¬ 
panied  by  means  for  introducing  an  abundant  supply  of  air  to  the 
Aquarium  are  best  adapted  to  produce  the  most  successful  results — 
if  one  considers  for  a  moment  the  general  character  of  the  inha¬ 
bitants  of  a  stagnant  pond  in  which  live  eels,  tench,  and  carp, 
and  that  of  a  clear  torrent-like  river  where  live  trout,  salmon, 
and  grayling,  one  gets  a  tolerably  good  notion  of  the  superior 
effects  of  this  mode  of  oxygenation.  But  this  is  scarcely  practicable 
without  much  expense  in  a  private  Aquarium,  although  to  my 
mind,  as  already  stated,  most  necessary  in  public  Aquaria.  By 
a  private  Aquarium  I  mean  one  maintained  in  an  ordinary  dwelling 
house.  Nevertheless,  by  the  careful  adjustment  of  the  balance  of  the 
relations  of  animals  and  plants — by  agitation  of  the  surface  for  a  few 
minutes  at  night  and  morning,  so  as  to  allow  no  film  of  dust  to  accu¬ 
mulate  or  interfere  with  the  free  play  of  air  over  the  surface,  we  may 
get  in  some  degree  a  substitute — though  animals  of  high  organisation 
as  fishes  cannot  be  maintained  so  successfully  as  in  public  Aquaria. 
On  the  other  hand,  animals  lower  in  the  series  of  classification,  such  as 
sea-anemones  and  other  radiates  and  crustaceans  may  be  main¬ 
tained  for  many  years.  Indeed,  there  seems  no  limit  to  the  life  of 
some  of  them.  The  celebrated  Actinia  (a  variety  of  Actinia  mesem- 
hryanthemum,  I  believe)  once  the  property  of  Sir  J.  G.  Daly  ell  is  now 
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stated  to  be  in  its  forty-fifth  year  of  captivity  in  Edinburgh,  has  given 
birth  to  over  a  thousand  young  ones,  and  shows  no  signs  of  getting  old  ! 

I  propose  to  deal  with  each  portion  of  the  Aquarium  establishment 
and  management  separately. 

Assuming  that  a  suitable  Tank  has  been  selected,  and  that  the 
errors  alluded  to  in  the  former  part  of  my  paper  have  been  avoided, 
we  first  consider  the  rochivorh.  Experience  has  demonstrated  that  for 
such  purpose  nothing  is  so  suitable  as  Mica  schist,  its  compact  non- 
friable  character  offering  a  favourable  nidus  for  the  growth  of 
vegetation.  Moreover,  its  dark  green  hue  has  an  agreeable  effect 
under  water,  and  exhibits  the  colours  of  sea-anemones,  tube-worms, 
and  fishes  to  advantage.  Animals  readily  adhere  to  it,  and  I  have  in 
my  Tank  instances  of  a  tube-worm  [Serpula  triquetra)  two  inches  in 
length,  that  have  developed  upon  it  from  germs  contained  in  the  sea¬ 
water.  The  mica  should  be  of  picturesque  fracture  when  broken  up, 
and  should  first  be  cleansed  in  fresh- water  of  impurities,  and  cemented 
on  to  the  sides  and  back  of  the  Tank,  with  none  but  the  best  Portland 
cement,  finely  sifted.  After  it  has  well  set,  fresh  river  or  rain 
water  should  be  introduced  and  allowed  to  remain,  until  all  impurities 
and  opacity  from  lime  and  other  causes  have  subsided.  After  this, 
it  should  be  rinsed  over  with  sea-water  before  the  stock  of  sea-water 
is  introduced.  The  mode  of  displaying  the  rockwork  must  be  left 
to  the  taste  of  the  Aquariist.  I  would,  however,  recommend  the 
avoidance  of  too  many  deep  crevices,  wherein  animals  may  lurk  and 
die  unsuspected. 

b^ext  comes  the  shingle.  As  a  relief  to  the  dark  green  of  the 
rockwork,  and  as  accejAable  for  animals,  such  as  the  Echinus  (Sea- 
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urcliin)  to  burrow  in,  nothing  is  better  than  the  finely-ground  masses 
of  flint  about  the  Size  of  large  peas,  found  at  Shanklin,  and  on  some 
other  shores  of  the  Isle  of  Wight  and  Southern  Coast, — its  pale  broivn 
or  buff  colour  is  very  suitable  as  not  militating  against  the  colours 
of  the  inhabitants  of  the  Tank.  Sand  is  not  recommended.  But  few 
Marine  animals  suitable  to  be  kept  in  private  Aquaria  are  found  bur¬ 
rowing  in  sand.  Moreover,  it  is  apt  to  get  covered  with  a  filmy  mass 
of  vegetation,  very  difficult  to  dislodge,  and  the  removal  of  the  sand 
from  a  Tank  when  requiring  to  be  cleansed  is  a  troublesome  process. 
Sand  is  chiefly  objectionable  in  currentless  Aquaria,  because  it  lies 
close,  and  hinders  oxygenated  water  from  circulating  among  it, 
whereas  shingle  has  interstices  admitting  water.  Before  any  shingle 
is  introduced,  it  should  be  carefully  cleansed  of  all  shore  impurities, 
and  this  is  best  effected  by  washing  it  in  a  vessel  such  as  a  domestic 
colander,  free  from  any  particle  of  grease,  placed  in  a  tub,  under  a 
water  tap,  when  all  impurities  will  float  away  over  the  surface.  Like 
the  'rockwork  it  should  be  rinsed  in  pure  sea-water,  before  being 
placed  at  the  bottom  of  the  Tank,  which  it  may  cover  to  a  depth  of 
two  or  three  inches. 

The  water.  If  possible  all  sea-water  for  Aquaria  should  be  pro¬ 
cured  during  the  winter  months,  as  at  this  period  it  is  freer  from  germs 
of  life,  both  animal  and  vegetable,  and  absorbs  a  greater  quantity  of 
oxygen  at  the  surface  than  at  other  times.  If  taken  in  the  hot  summer 
months  when  Medusae  and  Noctilucce  are  floating  about  towards  the 
surface,  decomposition  is  often  a  result  which  may  cause  temporary 
inconvenience.  If  required  for  immediate  use,  it  should  be  taken  when 
the  tide  is  coming  in — a  mile  out  in  the  open  sea,  in  the  morning  if 
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possible,  and  care  should  be  had  that  the  vessel  (such  as  a  Bristol  stone 
jar,  or  glass)  in  which  it  is  conveyed  is  perfectly  clean,  and  that  even 
the  cork  is  a  new  one.  A  bad  cork  has  often  spoiled  a  bottle  of  wine 
— much  less  has  spoiled  a  bottle  of  sea-water  !  No  sea- water  should 
be  taken  along  shore  from  such  places  as  Liverpool,  Bhyl,  &c.,  where 
rivers  flow  and  dilute  the  standard  quality,  but  the  preference  should  be 
given  to  Weymouth,  Torquay,  Tenby,  &c.  It  should  be  of  high  specific 
gravity,  so  that  one  gets  the  largest  amount  of  saline  constituents  for 
the  smallest  sum  of  money.  The  water  should  be  kept  securely  corked 
in  a  cool  dark  place,  and  when  wanted,  carefully  syphoned  into  the 
tank,  so  that  no  sediment  which  may  exist  may  be  introduced  with 
it.  By  all  means  keep  in  reserve  (according  to  the  size  of  your 
Aquarium)  two  or  three  good-sized  jars  of  pure  sea-water.  It  will  be 
found  useful  when  specimens  are  received,  and  have  to  be  temporarily 
accommodated  before  being  finally  located  in  your  Tank.  All 
Aquariists  should  have  a  store  of  sea-water  under  all  circumstances 
— ‘‘  Old  store,  no  sore.” 

The  standard  of  the  water  must  be  maintained.  Its  specific  gravity 
is  about  1,026^  at  60®  Fahrenheit.  Sea-water  is  less  dense  at  a  higher 
than  a  lower  temperature.  Evaporation  goes  on  constantly,  but  this 
can  be  supplied  by  the  introduction  of  distilled,  or  pump,  or  river 
water.  I  give  the  preference  to  distilled  water,  as  it  is  freer  from 
germs  that  may  develop  injuriously  from  river  or  pump  water.  The 
fresh-water  should  not  be  introduced  too  rapidly,  but  a  little  sea¬ 
water  should  first  be  taken  out — a  quart  or  so — and  mixed  with  an 
equal  quantity  of  fresh-water,  and  this  should  be  gradually  intro¬ 
duced  and  well  agitated  with  the  mass  of  water  in  the  Aquarium 
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so  as  to  uniformly  dilute  it.  Any  deviation  in  the  standard  may 
be  observed  by  a  hydrometer,  or  by  two  small  glass  balls  (of  different 
colours)  acting  in  concert — one  floating  at  top,  and  the  other  remain¬ 
ing  at  the  bottom  of  the  water — when  their  conditions  will  vary  with 
the  strength  of  the  sea-water — or  what  is  as  good  as  anything  by 
“  rule  of  thumb  ”  mark  on  the  Tank  the  normal  height  of  the  water, 
which  should  be  correct  at  introduction,  and  keep  it  to  the  standard 
as  before  stated. 

There  is  as  a  rule  more  danger  to  be  feared  from  sea-water  be¬ 
coming  too  salt  by  evaporation,  than  by  the  accidental  introduction 
of  too  much  fresh-ivater.  In  the  former  case  you  have  a  brine  or 
pickle,  in  the  latter  a  dilution  that  will  in  time  right  itself. 

A  large  public  Aquarium  or  a  small  one  if  there  are  corals,  or 
echinoderms,  or  crustaceans,  or  fishes,  may  require  to  be  occasionally 

I 

supplied  with  carbonate  of  lime,  to  compensate  the  quantity  abstracted 
from  the  water  by  animals  of  these  classes — personally,  however,  I 
have  never  had  occasion  to  use  it. 

If  properly  aerated,  the  stock  of  sea-water  never  need  be  changed  ; 
the  greater  part  of  that  which  is  now  in  my  Tank  has  been  unchanged 
(except  to  compensate  loss)  for  many  years — probably  seven  or  more. 

In  a  private  Aquarium  there  is  a  certain  loss  caused  by  the  slopping 
over  of  the  water,  and  by  periodical  cleansing  and  other  causes,  small 
but  appreciable,  which  must  be  supplied  from  the  stock-bottle.  In 
other  respects  there  is  no  loss — for  you  may  almost  entirely  evaporate 
the  fluid  from  a  given  quantity  of  sea-water,  leaving  scarcely  anything 
but  its  saline  constituents,  and  again  return  it  to  its  normal  state  by 
the  introduction  of  fresh-water. 

E 
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If  from  any  causes  sea-water  becomes  putrid,  exposure  of  it  to  the 
oxygenating  effects  of  the  atmosphere,  in  shallow  vessels,  and  oc¬ 
casionally  breaking  the  surface  as  previously  directed,  will  soon 
restore  it  to  its  original  condition. 

I  have  found  that  if  at  the  bottom  of  the  Tank  there  is  an  accumu¬ 
lation  of  sedimentary  matter  it  is  a  good  plan  to  draw  off  several  gallons 
of  the  water  with  a  syphon  (a  few  feet  of  j-inch  India-rubber  tubing) 
from  the  bottom,  and  allow  it  to  settle  in  separate  vessels  for  a  few 
hours,  and  then  return  it  carefully  to  the  Tank  again.  A  glass  dipping- 
tube  about  ten  inches  long  by  a  quarter  of  an  inch  diameter  is  very 
useful  for  the  removal  of  small  decomposing  substances. 

Much  has  been  said  about  artificial  sea-water,  but  my  experience  is 
not  very  favourable  to  it — I  found  it  crude  and  harsh  in  its  effects 
on  the  anemones,  they  refused  to  expand,  and  shrank  up  and  died. 
Should  however  anyone  desire  to  make  a  trial  of  it  I  append  Mr. 
Gosse’s  formula.^  His  experiments  were  highly  successful,  but  this 
kind  of  water  does  not,  so  far  as  I  know — except  at  Hanover  and 
Berlin — appear  to  have  been  adopted  in  any  public  Aquarium,  nor 
is  it  much  favoured  by  amateurs,  but  my  friend  Mr.  Wright  Wilson 
reports  very  satisfactorily  on  it,  and  uses  none  other.  I  have  been 
informed  that  if  kept  in  a  cool  place  for  some  months  and  the  con¬ 
stituents  allowed  to  blend  well  together,  on  exposure  to  the  air 
the  ordinary  conferva  found  in  a  Marine  Aquarium  will  develop, 
in  artificial  sea- water.  As  the  natural  element  can  readily  be  obtained 


*  Common  talDle  bait 
Epsom  salts  -  - 


I  ounce  ) 


CMoride  of  magnesium  -  -  -  200  grains  )  „ 

Cliloride  of  potassium  -  .  .  40  grains  / 

to  whicli  must  be  added  a  little  less  than  one  gallon  of  distilled  water,  so  that  a 

specific  gravity  bubble  1,026°  will  just  sink  in  it.  “  The  Aquarium/’  p.  264. 
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from  the  coast  at  a  few  pence  per  gallon,  I  prefer  it,  rather  than  incur 
risk  and  disappointment.  Artificial  sea-water,  however,  needs  trial  on 
a  large  scale  in  England. 

The  various  accessories  of  the  Aquarium  being  supplied,  now  comes 
the  important  question  of  vegetation.  ' 

My  experience  on  this  head  has  demonstrated  that  if  the  Tank 
is  established  in  the  autumn,  and  a  few  pieces  of  rock  introduced 
on  which  are  naturally  growing  fronds  of  the  sea-lettuce  {Ulva 
latissima),  Spores  will  be  given  off  the  old  plants,  which  finding  a 
favourable  nidus  in  the  Mica,  will  develop  in  the  early  spring  months 
into  healthy  and  vigorous  vegetation,  and  will  continue  until  autumn 
again.  As  soon  as  the  young  plants  exhibit  signs  of  development  the 
old  ones  must  be  removed.  It  is  not  possible  to  describe  the  beauty  of 
this  vegetation.  Even  without  animals  (if  it  could  exist)  it  would  be 
worth  maintaining  in  an  Aquarium.  Of  brilliant  grass-green  colour, 
and  of  the  richest  spring  tinge,  the  young  Algce  appear  like  broad  short 
blades  of  young  wheat  plants,  gently  waving  sometimes  with  the  agita¬ 
tion  of  the  sea-water,  and  seeming,  when  undisturbed,  like  a  bank  of 
lovely  green  moss.  Erom  this  under  the  stimulus  of  the  early  morning 
sun  during  a  brief  period,  globules  of  oxygen  (like  silver)  rise  to  the 
surface,  and  disperse  in  myriads.  It  is  a  truly  beautiful  sight — one 
of  the  most  interesting  I  have  ever  witnessed  in  connection  with 
Aquaria.  I  have  known  fronds  of  between  two  and  three  inches  in 
length  develop  in  this  way.  blow,  if  fishes  are  maintained  in  the  Tank 
this  vegetation  is  highly  serviceable  as  food  for  them.  I  have  seen 
my  fishes, — grey  mullet  and  wrasse, — bobbing  at  the  vegetation  for 
half  an  hour  together,  and  I  have  seen  the  blennies  tugging  at  it, 
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as  a  bird  does  at  a  worm  when  making  its  escape  into  the  ground. 
There  is  another  great  advantage  connected  with  this  form  of  growth, 
it  neither  attacks  the  slate  sides  of  the  Tank,  nor  the  glass,  nor  the 
shingle — their  smooth  surfaces  probably  presenting  no  nidus  or  rest¬ 
ing  place  for  the  spores. 

I  believe  it  is  here  for  the  first  time  demonstrated,  the  great 
advantages  arising  from  the  introduction  of  iJlva  loaded  with  spores  at 
this  particular  time  of  the  year,  when  the  surfaces  of  the  rockwork  are 
absolutely  free  from  any  other  form  of  vegetation,  and  where  other 
plants  are  not  present  to  lead  to  a  ‘^struggle  for  existence” — three  most 
important  points.  Any  difficulty  likely  to  occur  from  excessive 
growth,  and  consequent  decay  of  this  form  of  vegetation  in  the  autumn, 
may  be  removed  by  the  annual  cleansing  hereafter  referred  to. 

From  the  repeated  success  of  the  experiment,  I  do  not  doubt  that 
other  AlgoBf  both  the  Chloros^permecB  and  the  Rhodospermem,  may  be 
cultivated  in  a  similar  manner,  if  regard  be  had  to  the  points  I  have 
urged,  and  to  the  proper  adjustment  of  light.  My  object  in  growing 
the  young  Ulva  was  not  what  my  friend  Mr.  N’ewman  pleasantly  calls 
the  crotchet  of  planting  the  Aquarium  as  a  lettuce  garden,”  nor  so 
much  for  purposes  of  aeration,  but  to  afford  a  healthy  vegetable  diet  for 
my  fishes,  and  their  growth  and  vigour  are  proofs  of  its  successful  effects 
on  them.  I  feel  very  strongly  on  this  point,  and  consider  that  no 
Aquarium  can  be  complete  without  vegetation  as  a  source  of  food  for 
the  inhabitants,  irrespective  altogether  of  its  value  as  a  means  of 
aeration.  If  we  consider  the  sea  as  a  gigantic  natural  Aquarium  of 
absolute  perfection  as  to  the  balance  of  mutual  relations,  the  water 
being  the  medium  of  preservation ;  life  consists  of  three  series — vege- 
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tables,  vegetable-feeders,  and  animal-feeders, — it  is  surely  not  too 
mucb  to  suppose  that  tbe  elimination  of  any  one  of  these  series,  if  such 
an  event  could  arise,  would  materially  affect  the  balance  of  the  whole. 
In  the  absence  of  proof  to  the  contrary,  we  may  not  unfairly  assume 
the  same  principles  and  the  same  results  in  reference  to  artificial 
Aquaria.  Although,  so  far  as  I  am  aware,  there  are  no  statistics  of 
the  mortality  of  fishes  in  public  Aquaria,  I  have  been  informed  by  Mr. 
Edwards — and  it  is  a  very  important  fact  in  illustration — that  grey 
mullet  have  thriven  successfully  in  a  private  Aquarium  for  upwards 
of  eleven  years,  and  this  may  probably  be  due  to  the  circumstance 
that  vegetation  of  some  kind  is  always  found  in  such  an  Aquarium, 
thus  affording  natural  food  for  the  inhabitants. 

Mr.  Gosse’s  remarks  on  the  growth  of  sea-weeds  in  Aquaria 
{Tlie  Aquarium,  page  276)  should  be  perused  by  all  interested  in  this 
question,  as  also  a  Paper  by  my  friend  Mr.  A.  W.  Wills,  in  which  the 
writer  strongly  advocates  the  introduction  of  sea-weeds  into  the 
Aquarium.* 

If  sea-weeds  are  simply  required  as  an  ornament  in  addition  to 
the  Ulva  latissima,  none  are  so  hardy  and  beautiful  as  Bnjojgsia 
plumosa  and  Griffithsia  setacea,  and  if  introduced  attached  to  stones 
they  will  flourish  artificially  for  many  months,  without  exhibiting 
any  signs  of  decay. 

While  on  the  subject  of  vegetation,  I  do  not  maintain  that 
the  autumn  is  the  only  time  of  the  year  when  a  Tank  may  be  estab¬ 
lished.  It  certainly  can  be  set  up  at  any  time,  but,  so  far  as  my 
experience  has  shown,  if  established  at  any  other  period  and  without 

*  “  Sball  we  liaTe  vegetation  in  Aquaria  ?  ” — A  Paper  read  before  tbe  Birmingbam 
Natural  History  and  Microscopical  Society,  by  A.  W.  Wills,  F.O.S.,  President,  1875. 
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the  introduction  of  fronds  of  Ulva  latissima,  an  inferior  form  of 
vegetation  is  most  frequently  the  result.  The  silky  greenish-hlack 
filamentous  confervse  [Sjpirulina  and  Oscillatoria)  spring  up  with  mar¬ 
vellous  rapidity  in  hot  months,  covering  rockwork,  glass,  and  shingle, 
and  proving  most  difficult  intruders  to  dislodge.  In  fact  they  cannot 
be  thoroughly  exterminated  without  a  regular  scouring  process,  invol¬ 
ving  much  time  and  trouble.  Mr.  Lloyd  says  that  conferva,  like  fire, 
is  a  good  servant  but  a  bad  master.”  Its  growth  may  be  checked  by 
the  absence  of  light,  and  by  rubbing  the  sides  of  the  Tank,  and  the 
glass  front,  with  a  spade-shaped  cleanser,  covered  with  folds  of  lamp- 
cotton,  such  as  that  given  at  Tig.  8. 

As  to  natural  aids  for  removing  excessive  vegetation,  I  am  not 
much  inclined  to  them  on  account  of  their  erratic  character,  but  Mr. 
Lloyd  speaks  most  highly  of  that  important  and  effective  vegetable 
scavenger  Haliotis  iuberculata  (the  Ormer),  and  states  that  no  scrub¬ 
bing  is  needed  where  it  is,  and  where  the  light  is  not  in  great  excess. 
Mr.  G.  Sherriff  Tye,  who  has  had  much  experience  in  the  management 
of  the  Marine  Aquarium,  recommends  Troclms  umbilicatus,  Littorina 
littorea,  and  Patella  vulgata  as  good  scavengers  for  a  small  Tank,  and 
thrive  well  where  Haliotis  could  not  be  kept  by  reason  of  its  large 
size. 

If  the  suggestions  I  have  enumerated  have  been  carried  out  as 
to  the  establishment  of  the  Aquarium,  the  water  in  the  Tank  will  be 
brilliant  and  sparkling, — clear  as  crystal, — very  different  from  stagnant 
water,  such  for  'instance,  as  that  which  has  been  recently  boiled  and 
cooled,  or  which  has  been  allowed  to  stand  in  a  tumbler  or  water 
bottle  for  a  day  or  two,  in  the  absence  of  light  and  vegetation.  It 
will  have  life  in  it,  so  to  speak. 
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And  now  we  come  to  the  consideration  of  a  very  important  ques¬ 
tion — the  introduction  of  the  inliabitcmts  of  the  Aquarium,  which 
should  he  done  after  there  is  an  established  growth  of  vegetation 
evolving  oxygen. 

It  is  not  possible  to  give  very  specific  directions  on  this  point 
— so  much  depends  upon  the  size,  position,  and  healthy  st>te  of  a 
Tank.  As  a  rule,  however,  the  higher  the  organisation  of  the  animal, 
the  larger  the  space  required  for  its  maintenance — for  instance,  half- 
a-dozen  or  a  dozen  anemones,  according  to  size,  may  be  maintained  in 
space  which  would  only  accommodate  four  of  the  smaller  crustaceans, 
such  as  shore  crabs  and  prawns,  or  one  fish  not  more  than  four  or 
five  inches  in  length.  But  what  would  apply  to  a  low  temperature 
in  the  winter  months,  would  not  hold  good  in  weather  when  without 
much  warning,  tropical  heat  suddenly  sets  in.  Eegard  must  also  be 
had  to  the  locomotive  or  stationary  habits  of  the  animals  introduced — 
vagrants  are  more  difficult  to  maintain  than  settlers. 

A  brief  acquaintance  with  the  principles  of  Zoology — as  before 
stated — will  do  more  to  aid  the  student  in  the  management  of  an 
Aquarium  and  the  association  of  the  various  inhabitants  of  the  Tank 
than  anything,  and  will  familiarize  him  with  the  kinds  of  animals 
that  may  be  associated  together  with  advantage. 

As  to  feeding.  All  marine  animals  require  food  to  be  given  them 
and  if  this  is  not  attended  to,  they  will  not  survive  long  or 
thrive  in  the  Aquarium,  however  well  regulated  it  may  be  as  respects 
the  mutual  balance  of  animal  and  vegetable  life.  A  well-managed 
Aquarium,  with  the  water  unchanged,  fosters  the  reproduction 
of  minute  marine  life,  such  as  Infusoria,  Entomostraca,  &c.,  upon 
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wliicli  all  the  inhabitants  of  a  Tank  will  feed  naturally,  and 
some,  such  as  tube-worms  and  pipe-fishes,  exist  solely  on  this  nutri¬ 
ment.  We  do  not  know  upon  what  the  Holotliuriadce  (sea-cucumbers), 
and  other  vermiform  echinoderms  feed,  as  sand  is  usually  found  in 
their  stomachs.  Such  animals,  however,  as  the  sea-anemones,  the 
star-fishes,  the  carnivorous  mollusca,  and  most  fishes  require  to  be  fed 
artificially.  This  may  be  performed  not  less  than  once,  nor  more  than  four 
times  a  week,  according  to  the  temperature,  taking  care  that  by  a  too 
abundant  supply  of  food  an  excess  of  carbonic-acid  gas  is  not  given  off  by 
the  animals,  which  excess  is  more  likely  to  arise  in  the  summer  months. 


Tor  artificial  food  which  should  be  varied,  I  recommend  uncooked 
fresh  fish,  such  as  haddock,  whiting,  sole,  or  smelt — any  fish  in  fact 
that  contains  but  little  oil  or  fatty  matter.  Oysters  are  good,  but  too 
expensive  now-a-days.  Give  mussels  but  rarely,  as  they  have  an  ener¬ 
vating  tendency  (if  I  may  use  such  a  term  in  reference  to  a  radiate) 
and  weaken  the  animals  if  eaten  too  frequently.  Living  and  healthy 
shrimps  form  a  most  important  article  of  diet  for  many  fishes — such  as 
the  Wrasse — but  they  are  difficult  to  procure  inland.  On  an  average 
twopence  or  threepence  a  week  is  quite  sufficient  to  supply  all  the  food 
that  is  necessary  for  an  ordinary  Aquarium,  as  a  fragment  can  be  cut 
off  fish  intended  for  one’s  dinner.  All  food  should  be  freshly  killed, 
and  never  given  in  a  decomposing  state.  Butcher’s  meat,  poultry,  and 
cooked  meat  should  be  avoided.  ’  My  friend  Mr.  S.  Allport  records  a 
remarkable  instance  where  he  gave  a  piece  of  cooked  fowl  to  a  sea- 
anemone,  which  almost  immediately  died  as  from  the  effects  of  poison. 

The  food  should  be  chopped  into  very  small  pieces,  and  one  of  the 
size  of  a  hfo.  1  shot  given  with  a  pair  of  wooden  forceps — which  for 
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convenience  of  handling  may  be  smaller  than  those  at  Fig.  7 — to  an 
anemone,  which  when  expanded  is  about  the  size  of  a  silver  threepenny 
piece,  and  so  in  proportion.  Fish,  crustaceans,  star-fishes,  etc.,  may 
have  larger  pieces  in  proportion  to  their  size,  but  it  is  better  that  they 
should  he  small. 

It  is  curious  to  observe  in  the  lowly  organised  order  of  sea- 
anemones  a  certain  amount  of  instinct  or  sympathetic  intelligence. 
When  one  is  fed,  the  others  in  an  Aquarium,  although  closed  at  the 
time,  will  soon  expand  in  anticipation  of  their  morsel.  Crustaceans 
and  many  fishes  will,  when  domiciliated,  readily  come  and  take  food 
from  the  hand,  and  I  once  had  a  tame  mollusk,  the  dog-whelk,  (Nassa 
7'eticulata)  which  exhibited  this  intelligence,  and  always  appeared  with 
his  long  cylindrical  proboscis  carried  aloft  and  waving  to  and  fro 
whenever  there  was  any  feeding  going  on. 

It  sometimes  happens  that  the  water  in  an  Aquarium  indicates  by 
a  milky  appearance  or  slight  smell  that  some  unusual  amount  of  de¬ 
composition  is  going  on,  frequently  caused  by  supplying  food  to  the 
animals.  In  such  cases  I  have  found  that  a  small  quantity  of  Condy’s 
fluid  largely  diluted  at  once  restores  the  water  to  its  former  brilliancy 
and  purity  by  oxidation  of  the  impurities.  This  remedy  requires  to 
be  used  with  great  caution,  as  an  excessive  supply  is  detrimental 
to  the  vegetation. 

After  feeding  the  good  old  proverb  suggests  rest — and  I  have  but 
little  more  with  which  to  trouble  my  hearers  about  the  management 
of  the  Marine  Aquarium. 

One  thing  I  must  mention — and  it  is  an  operation  perhaps,  a  little 

troublesome,  involving  time  and  patience — cleansing.  Once  in  the 

F 
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year,  in  late  autumn,  the  Aquarium  should  he  dismantled,  except  of 
course  the  rockwork — its  living  contents  carefully  provided  for  in 
vessels  (temporarily),  and  the  whole  thing — slate,  glass,  rockwork,  and 
shingle,  thoroughly  scrubbed  with  a  brush,  and  rinsed  again  and 
again  with  fresh-water,  before  the  sea-water  is  returned  to  the  Tank. 
It  is  rather  a  tiresome  process,  but  the  stimulus  to  the  increased 
health  of  its  inhabitants  will  be  an  ample  repayment  of  the 
trouble — besides  fresh  vegetation  succeeds  better  when  the  decaved 
remains  of  a  previous  year’s  growth  have  been  removed,  and  the  surface 
of  the  rockwork  presents  a  more  favourable  nidus  for  the  attachment 
of  the  spores  from  newly  introduced  plants. 

A  sponge  dipped  in  fresh-water  and  passed  now  and  then  over  the 
water  line  on  the  glass  in  the  Tank,  will  prevent  the  incrustation  of 
saline  particles,  etc.,  difficult  to  dislodge  if  left  for  a  time.  Per¬ 
sistently  adherent  vegetation  may  be  removed  by  the  application  of 
dilute  sulphuric  acid, — taking  care  that  it  is  applied  carefully,  and  the 
rockwork  or  glass  well  washed  afterwards. 

Mr.  Gosse  once  told  me  a  good  story  of  an  elderly  lady  acquaintance 
of  his  who  had  a  Marine  Aquarium,  and  whose  views  of  cleanliness 
in  its  management  carried  her  so  far  as  to  call  forth  the  remark  that 
“  there  is  nothing  for  it  but  soap  and  water  once  a  week  !  ”  Mr. 
Lloyd  informs  me  that  “  so  carefully  balanced  are  the  light,  tempera- 
“ture,  and  air,  in  relation  to  the  vegetation,  animals,  and  water,” 
that  the  Tanks  in  the  Crystal  Palace  Aquarium  do  not  require  to 
be  cleansed ;  that  the  supply  of  oxygen  by  artificial  means  is  in 

fact,  so  great, — to  use  Liebig’s  famous  expression  eremacausis,” _ 

as  to  lurn  ujg  aU  decomposing  matter,  and  I  am  aware  that  some 
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Aquariists  do  not  attempt  the  operation  of  cleansing  in  private 
Tanks,  but  my  own  experience  is  decidedly  in  favour  of  its  being 
done  as  I  have  suggested,  once  a  year  in  the  late  autumn. 

Here  is  a  Schedule  of  the  present  contents  of  my  own  Tank  bolding 
about  twelve  gallons  of  sea- water : — 

3  Mugil  capito  (Grey  Mullet)  4  or  5  inches  long. 

3  Qrenildbrus  rnpestris  (the  Goldsinny),  about  the  same  size. 

1  Blennius  pholis  (Smooth  Blenny). 

1  ,,  Montagui  (Montagu’s  Blenny). 

2  Falwmon  serratus  (Common  Prawn) ;  and, 

5  species  (numbering  8  individuals)  of  Anemones. 

Here  is  another  Schedule  from  a  glass  Aquarium — a  confectioner’s 
cake  glass,  which  I  have  previously  described — holding  between  one 
and  two  gallons  of  water  : — 

2  Syngnatlius  lumhriciformis  (Worm -pipe  fish). 

1  Murcenoides  gidtata  (Butter  fish). 

1  Lepidogasler  himacidatus  (Two-spotted  Sucker). 

3  Echinus  miliaris  (Sea  Urchin). 

1  Asterina  gihhosa  (Starlet). 

A  mass  of  tuhe-Avorms  (Serpulce),  numbering  ten  or  a  dozen. 

Several  tunicates,  and  5  species  (numbering  7  individuals)  of 
Anemones.  Microscopic  life  of  all  kinds  is  found,  but  of  course  I 
omit  this.  All  the  fishes  in  this  Aquarium,  it  should  be  observed,  are 
very  small. 

It  is  not  too  much  to  say  that  all  these  animals  are  maintained 
in  as  good  health  as  it  is  possible  to  obtain  wutliin  the  limits  of  Aquaria 
of  small  size.  Some  of  the  radiates  have  been  in  my  possession 
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for  years — two  of  them  {Tealia  crassicornis  and  Antliea  cereus) 
are  well  known  to  Aquariists  to  be  most  difhcnlt  or  almost  impracticable 
to  keep  in  health  in  a  private  tank.  Some  of  the  fishes  (which  include 
seven  species)  have  been  in  captivity  for  eighteen  months,  and  none  less 
than  four  months,  and  they  have  grown  appreciably.  The  blennies 
travelled  by  post  from  Cornwall  last  March  in  a  tin  box,  packed  with 
damp  seaweed,  and  they  have  grown  considerably  since  that  time. 

It  must  be  always  remembered  by  the  Aquariist  that  it  is  not 
sufficient  to  keep  his  collection  of  animals  in  bare  existence. 
It  would  he  cruel  to  do  so.  They  should  present  as  nearly  as  possible 
the  healthy  appearance  which  they  bear  in  their  natural  free  state, 
possessing  appetites  to  take  the  food  offered  to  them,  and  performing  the 
functions  of  reproduction — they  will  then  be  in  a  condition  to 
be  exliibited  by  the  Aquariist  with  that  satisfaction  with  which  a 
horticulturist  would  show  the  treasures  of  a  greenhouse,  or  the  produce 
of  a  garden  on  which  he  has  lavished  care  and  attention. 

It  does  not  fall  within  the  scope  of  the  present  Paper  to  discuss  the 
construction  of  public  Aquaria ;  besides,  the  subject  has  since  the 
reading  been  carefully  gone  into  by  a  Committee  appointed  by  the 
Society.'^  The  principles,  however — before  stated  —  which  govern 
them  and  the  management  to  which  they  are  subject  are  of  necessity 
the  same,  with  few  modifications,  as  those  which  apply  to  any 
Aquarium 

All  honour  to  the  Zoological  Society  of  London,  and  to  Mr.  D. 
W.  Mitchell,  the  late  Secretary,  and  to  Mr.  E.  W.  H.  Holdsworth  for 

*  Eeport  of  a  Committee  appointed  by  The  Birmingham  Natural  History  and 
Microscopical  Society  to  obtain  information  respecting  the  subject  of  a  Marine 
Aquarium,  with  the  view  of  promoting  an  efficient  Institution  of  the  kind  in  Bir¬ 
mingham.  1874. 
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the  estahlishment  of  “The  Fish-house”  or  Aquarium  in  the  Zoological 
Gardens  in  the  year  1853,  which  was  the  first  public  Aquarium  ever 
erected,  and  which  still  flourishes  in  nearly  its  original  condition. 
Sufficient  prominence  as  an  independent  institution,  which  it  richly 
deserves,  has  however  scarcely  been  given  to  this  Aquarium.  Its  in¬ 
fluence  has,  nevertheless,  been  very  great,  but  it  cannot,  I  think,  be 
doubted  that  the  remarkable  biological  and  financial  success  that  has 
attended  the  career  of  the  Marine  Aquarium  in  the  Zoological  Gardens 
at  Hamburg,  has  mainly  directed  public  attention  to  the  important 
subject  of  Aquaria  generally,  and  has  stimulated  commercial  enter¬ 
prise  in  establishing  most  if  not  all  the  public  Aquaria  that  have 
been  erected  since.  “The  Hamburg  Aquarium  was  opened  in  1864, 
“  and  had  the  immense  advantage  of  the  early  popularity  of  the  re- 
“  cently  established  gardens  in  which  it  is  situated,  and  the  still  greater 
“  one  of  being  under  the  management  of  Mr.  W.  A.  Lloyd,  whose  zeal 
“  and  self-sacrifice  reduced  the  total  current  expenditure  to  £600  per 
“  annum  on  a  capital  of  £3,000.  As  a  consequence,  capital  and 
profits  balanced  each  other  in  six  years.”*  The  Directors  of  the  Crystal 
Palace  Company  revived  the  example  in  England,  and  their  Insti¬ 
tution  has,  under  Mr.  Lloyd’s  superintendence,  achieved  extraordinary 
success.  The  Brighton  Aquarium  followed ;  and  the  munificent  scale 
upon  which  it  was  projected,  and  the  popularity  it  has  enjoyed, 
are  signs  of  its  permanency.  Marine  Aquaria  of  importance  have 
been  opened  at  Manchester  and  Southport,  and  other  are,  I  rejoice  to 
hear,  projected  at  Liverpool,  Edinburgh,  Glasgow,  Dublin,  Kingstown, 
Torquay,  Plymouth,  Hastings,  and  Scarborough,  as  well  as  in  our  own 


*  Report  of  a  Committee,  &c,  (previously  referred  to),  page  9. 
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good  Town ;  and  I  venture  to  look  forward  hopefully  to  the  time 
when  every  large  town  in  England  will  have  its  Marine  and  fresh¬ 
water  Aquarium  open  to  the  mass  of  the  people  at  a  nominal  charge. 

It  may  he  interesting  to  state,  for  the  information  of  those  who 
have  not  studied  the  question,  that  the  Aquaria  at  Brighton  and  the 
Crystal  Palace  typify  two  entirely  distinct  systems. 

At  Brighton  there  is  no  means  of  circulating  the  water  from  tank 
to  tank,  and  the  water  in  the  reservoir  is  small  as  compared  with  what 
is  in  the  show  tanks  containing  the  animals.  The  water  can,  however, 
he  renewed  from  the  sea;  hut,  in  consequence  of  the  supply-pipe 
being  near  the  shore,  sand  and  other  detritus  are  mixed  with  the  water, 
which  requires  some  time  to  hecoine  clear.  Aeration  is  effected  hy 
pumping  air  into  the  tanks  through  vulcanite  pipes  of  large  diameter, 
and  purification  is  assisted  hy  the  presence  of  oysters  and  other 
mollusks  in  the  tanks,  as  first  suggested  hy  Mr.  Gosse. 

In  the  Crystal  Palace  system  there  is  a  large  reservoir  four 
or  five  times  the  capacity  of  the  show  and  store  tanks,  and  hy 
means  of  gravitation,  and  hy  force-pumps  in  duplicate  to  meet  cases 
of  accident,  a  perpetual  circulation  is  effected.  This  is  carried  out 
hy  means  of  a  pipe  extending  over  the  tops  of  the  tanks, 
from  which,  under  pressure  of  the  force-pumps,  a  small  jet  of  water, 
the  pressure  of  which  can  he  varied,  is  directed  into  each  tank ;  and 
the  jet  of  water  in  passing  to  the  bottom  of  the  tank  carries  with  it 
innumerable  small  bubbles  of  air,  so  minute  as  to  have  the  appearance 
of  “  falling  sand  ”  in  the  water,  or  dense  steam  seen  in  the  air,  and 
thus  every  portion  of  the  tank  is  submitted  to  the  most  perfect 
oxidation.  The  result  is  that  the  water  is  always  brilliantly  clear, 
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and  the  animals  in  the  Aquarium  enjoy  health  in  as  great  a 
measure  as  can  he  obtained  within  the  limits  of  this  kind  of  artificial 
existence. 

In  the  writer’s  judgment — without  at  all  undervaluing  the 
usefulness  of  the  noble  Institution  at  Brighton''^ — the  circulating  or 
“natural”  system,  as  in  operation  at  the  Crystal  Palace,  appears  to  him  to 
be  immeasurably  the  most  effective,  and  only  lacks  the  complement  of 
an  indigenous  growth  of  sea- weeds,  not  merely  as  an  adjunct  to  aera¬ 
tion,  but  especially  as  a  means  of  supplying  some  of  the  natural 
vegetable  food  for  the  animals  (which  under  present  circumstances 
they  do  not  obtain),  to  make  the  system  as  near  perfection  as  our 
present  knowledge  of  these  matters  enable  us  to  form  a  conclusion  as 
to  what  is  perfection  in  the  management  of  the  Aquarium.  To  put  it 
plainer ; — if  the  circulating  system  were  in  operation  at  Brighton,  judg¬ 
ing  from  the  success  of  the  Crystal  Palace  system,  at  least  three  times 
the  number  of  animals  might  be  maintained  at  Brighton  as  compared 
with  the  number  now  in  the  tanks. 

But  far  above  all  other  public  Aquaria  in  the  world  in  scientific 
importance,  the  highest  rank  must  be  assigned  to  the  Marine  Aquarium 
at  Naples,  and  all  Biologists  owe  a  deep  debt  of  gratitude  to  Dr. 
Anton  Dohrn,  the  eminent  founder,  to  whose  ability,  energy,  and  for¬ 
tune  its  success  is  attributable.  Constructed  principally  on  the 
“  natural  ”  system  as  in  operation  at  the  Crystal  Palace  with  some  re¬ 
cent  modifications  to  prevent  loss  of  eggs  and  embyros  by  the  passage 
of  the  water  from  one  tank  to  another,  the  Aquarium  from  its  proximity 

*  See  an  interesting  Paper  entitled  “  The  Brighton  Aquarium,”  by  W.  Saville 
Kent,  F.L.S.,  in  Nature,  vol.  viii.  No,  208,  1873. 
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to  the  Mediterranean  sea,  exhibits  a  semi-tropical  fauna,  wonderful 
and  beautiful;  and  to  us  dwelling  in  colder  temperatures,  perfectly  un¬ 
familiar.  Not,  however,  is  the  Aquarium  unique  as  a  mere  spectacle 
or  public  recreation,  which  it  most  certainly  is  of  the  highest  eminence, 
hut  specially  so  as  a  scientific  institution.  La  Stazione  Zoologica  in 
connection  with  the  Aquarium,  to  which  is  attached  a  laboratory  of 
twelve  tables  and  a  valuable  library  in  many  languages,  where  accom¬ 
plished  Naturalists  from  all  parts  of  the  world — under  most  liberal 
arrangements  of  the  management — have  facilities  for  pursuing  the 
most  abstruse  studies  into  the  structure,  embryogeny,  and  development 
of  marine  invertebrate  life.'^  May  the  noble  example  set  by  Dr. 
Dohrn  find  many  imitators ! 

In  these  days  when  Sanitary  Science  deservedly  occupies  so  large 
a  share  of  public  attention,  and  promises  to  influence  the  future  con¬ 
dition  of  the  people,  the  Sanitarian  may  take  a  lesson  from  the  Marine 
Aquarium,  for  the  principles  which  govern  it — the  mutual  depen¬ 
dence  of  animal  and  vegetable  life — are  the  principles  which  govern 
our  existence :  they  are  continually  in  operation  within  us  and  around 
us.  The  keeper  of  an  Aquarium  cannot  be  otherwise  than  a 
sanitarian,  and  to  a  certain  extent  a  physiologist ;  for  if  he  is  to 
manage  his  Aquarium  efficiently,  he  is  bound  to  notice  most  par¬ 
ticularly  the  elementary  principles  of  Sanitary  Science — namely,  that 
the  animals  he  has  undertaken  to  maintain  in  an  artificial  state  of 
existence  can  only  be  so  maintained  by  preserving  them  in  a  cleanly 
habitation  of  sufficient  cubic  space,  and  by  supplying  them  with  pure 

*  See  an  interesting  account  of  the  Marine  Aquarium  at  Naples,  by  Professor 
E.  Pay  Lankester,  in  The  Athenaeum,  9th  May,  1874. 
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air,  pure  water,  pure  and  varied  food,  by  maintaining  as  far  as 
possible  an  uniform  degree  of  temperature.  Tlie  Aquariist  will  carry 
these  principles  into  the  management  of  his  own  dwelling,  and  they 
will  influence  his  conduct  whenever  he  is  called  upon  to  discharge 
analogous  duties  for  the  benefit  of  the  community. 

Before  concluding  the  subject,  I  feel  bound  to  say,  with  reference  to 
the  management  of  the  Marine  Aquarium,  that  the  points  whereonv  I 
have  imperfectly  touched,  are  simply  stated  as  the  results  of  my  own 
experience,  and  that  I  do  not  consider  the  conclusions  arrived  at,  in 
any  way  dogmatical  or  final.  "We  cannot  too  strongly  bear  in  mind  the 
quotation  from  Lord  Macaulay  which  a  former  President'^  gave  some 
time  ago  : — “  It  is  philosophy  which  never  rests,  which  has  never 
‘‘attained,  which  is  never  perfect.  Its  law  is  progress.  A  point 
“which  yesterday  was  invisible,  is  its  goal  to-day,  and  will  be  its 
starting  point  to-morrow.”  This  aphorism  eminently  applies  to  the 
Marine  Aquarium,  as  to  every  other  branch  of  Natural  History,  and 
I  shall  feel  much  obliged  to  the  Members  of  this  Society,  and  to  any¬ 
one  who  will  kindly  take  the  trouble  to  give  me  the  benefit  of  his  or 
her  experience  in  the  management  of  the  Aquarium,  and  point  out 
wherein  I  am  wrong,  and  how  I  may  improve.  It  may  be  probable 
that  my  experiments  have  been  conducted  on  too  small  a  scale,  and 
that  greater  results  would  have  been  obtained,  had  larger  resources 
been  at  my  disposal.  This  I  freely  admit — with  the  reservation  how¬ 
ever,  that  I  have  been  satisfied  so  far,  and  have  not  desired  to  incur 
further  responsibilities.  Finis  coronat  opus. 

*  S.  Allport,  F.G.S.  “  President’s  Address/’  Birmingliam  Natural  History  and 
Microscopical  Society,  1869^ 
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]\Iy  system — if  I  may  venture  without  egotism  to  call  it  such — has 
been  reduced  to  such  automaton-like  accuracy  that  whenever  I  have 
left  home  for  a  fortnight  or  three  weeks  in  the  autumn  (generally  a 
precarious  time  for  the  Aquarium  on  account  of  the  variability  of  the 
temperature),  I  have  been  quite  content  to  leave  niy  Aquaria  in  charge 
of  one  of  my  boys  (under  twelve  years),  or  in  that  of  an  intelligent 
domestic  to  whom  I  have  just  given  a  few  plain  instr actions,  and  I 
never  remember  to  have  returned  and  been  disappointed  at  finding 
that  an  accident  had  happened  to  the  contents ; — on  the  contrary,  all 
has  invariably  gone  well. 

Wherever  in  this  Paper  I  have  differed  from  those  whose  judgment 
I  value,  I  have  expressed  my  own  convictions,  and  I  have  stated  the 
reasons  on  which  they  are  based.  I  trust  my  friends  will  concede  to 
me  that  freedom  of  opinion  which  they  claim  for  themselves. 

My  Paper  would  perhaps  be  incomplete  without  some  reference  to 
the  Marine  Aquarium  sesthetically  and  economically  .considered. 
A  good  Aquarium  is  an  untiring  and  ever  pleasing  object  of  interest 
and  study  both  to  oneself  and  friends.  Unlike  a  green-house  or 
garden,  its  treasures  are  always  the  same — the  animal  flowers  are  ever 
blooming — and  the  graceful  motions  of  the  crustaceans  and  fishes  may 
be  watched  for  hours  together.  When  supplemented  by  a  Microscope 
a  new  and  inexhaustible  field  of  observation  and  enquiry  opens  up  to 
the  mind — because  in  a  healthy  Aquarium  microscopic  forms  of  life  are 
constantly  being  developed  from  germs  in  the  water,  and  many  of  the 
higher  forms  of  marine  life  may  be  examined  in  situ.  And  what  may 

I 

be  said  of  a  private  Aquarium,  may  be  said  of  public  Aquaria  with  far 
greater  force.  It  cannot  be  doubted  that  a  public  Aquarium  sue- 
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cessfully  managed  is  one  of  the  greatest  triumphs  of  science  that  has 
ever  been  applied  to  the  furtherance  of  the  study  of  hTatural  History. 
Wlien  one  looks  hack  over  the  history  of  the  Aquarium  and  remem¬ 
bers  its  introduction  as  a  fashionable  amusement  twenty  or  more  years 
ago,  when  the  genial  artist  John  Leech  satirised  it  in  Punch,  among  the 
follies  of  the  day,  our  times  indeed  have  changed,  now  that  Nature,  the 
most  influential  of  scientific  serials,  records  the  additions  to  the  Brighton 
Aquarium  as  regularly  as  the  Morning  Post  chronicles  the  movements  of 
Society.  Ho  one  who  ever  sees  that  wonderful  collection,  or  the  smaller, 
but  (to  me  as  a  Haturalist)  still  more  unique  and  beautiful  one  at  the 
Crystal  Palace,  but  comes  away  with  his  mind  exalted  by  the  contem¬ 
plation  of  beings  his  remotest  fancy  never  could  have  pictured  in  their 
living  state  ;  confined  it  is  true,  but  free  and  active  as  in  ‘‘the  depths  of 
the  sea.”  To  those  who  have  not  seen  either,  I  say  visit  loth.  You  will 
come  away  and  wish  you  had  such  a  collection  in  our  good  Town — 
and  wishing  may  lead  to  action,  and  to  helping  on  our  movement  to 
establish  one. 

I  have  elsewhere*  expressed  my  opinion  that  a  Marine  Aquarium,  if 
constructed  properly  and  managed  efficiently,  would  be  most  accept¬ 
able  to  Birmingham,  and  most  appropriate,  because  this  was  the  adopted 
town  of  the  great  Priestley,  the  discoverer  of  the  principles  that  govern 
the  Aquarium.  It  seems  to  me — and  I  Imow  others  whose  judg¬ 
ment  I  value  share  my  opinion — that  no  greater  attraction  or 
means  of  intellectual  recreation  for  the  working  classes  and  our  neigh¬ 
bours  in  the  mining  districts  could  be  devised — because  it  would  be 
so  utterly  different  from  any  other  exhibition  now  existing,  and  so 


*  Nature,  Yol.  IX,  page  251.  January,  1874. 
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suitable  as  a  relief  and  mental  refreshment  for  those  in  crowded 
courts  to  whom  the  sea  is  but  a  name  !  It  is  of  no  use  denying  the 
fact  that  “  the  Sea  and  its  living  wonders’^  have  irresistible  fascinations 
for  us  who  live  far  away  from  them. 

The  Marine  Aquarium  appeals  to  the  two  extremes  of  society  ; 
to  the  -unlettered — Avho  look  with  wonder  and  curiosit}^  on  strange¬ 
ness  of  form,  and  beauty  of  colour — and  to  the  cultivated,  who  from 
a  higher  point  regard  with  profound  interest,  details  of  structure 
and  affinities  and  analogies  with  beings  of  other  worlds  and  times 
besides  our  own.  The  Marine  Aquarium  is  at  once  a  living  museum 
— a  beautiful  picture — a  choice  library  !  ISTo  cabinet  collection  of 
dried  specimens  can  bring  to  view  such  instances,  among  a  thousand 
others,  as  the  graceful  progress  of  the  Rleuronectidoe  (the  flat  Ashes) 
or  the  weird  form  and  muscular  contractions  of  the  cuttle-flsh!  Ho 
picture  ever  painted,  can  rival  in  colour  the  markings  of  the  Wrasse,, 
or  the  living  Are”  (as  Mr.  Hewman  aptly  terms  it)  of  the  eyes  of  the 
gemmeous  Dragonet  !  Ho  library  on  Zoology  can  give  the  Student  a 
clear  idea  of  the  denizens  of  the  deep  from  mere  description,  as  can 
the  contemplation  of  the  actual  living  beings  themselves.  Doubtless 
as  a  utilitarian  agency  for  the  solution  of  undetermined  points  in 
Biology,  the  Aquarium  is  still  in  its  infancy,  though  I  cannot  help 
thinking,  that  if  the  successful  cultivation  of  some  marine  plants  were 
combined  with  it,  as  I  have  shown  it  can  be,  even  in  a  small 
Aquarium,  it  will  be  of  immense  value  by  supplying  its  inhabitants 
with  vegetable  food  (which  under  present  circumstances  they  do  not 

obtain,)  they  may  breed  freely  in  confinement,  and  we  may  in 

* 

some  measure  help  to  arrive  at  a  solution  of  such  problems,  as  how 
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to  secure  the  proper  development  and  render  availaMe  those  almost 

innumerable  germs  of  food  supply,  that  are  produced  by  sea  fishes  in 

# 

general.  For  instance,  the  Turbot  produces  about  fourteen  millions 
of  eggs  annually,  of  which  not  one  perhaps  in  ten  thousand  reaches 
maturity,  nor  one  in  a  million  finds  its  way  to  our  tables  !  Our 
knowledge  of  the  laws  governing  the  movements-— appearance  and 
disappearance  in  certain  localities — of  the  Herring  and  other 
fishes,  their  spawning  and  time  of  development,  is  still  obscure,  and 
if  we  had  light  upon  this  subject,  thousands  of  tons  of  valuable 
food  would  he  available  for  us  of  a  most  nutritious  and  palatable 
character.  I  cannot  consider  these  enquiries  visionary  or  the 
results  obtained  from  them  unprofitable,  when  I  remember  that  within 
the  last  few  years  judicious  legislation,  the  result  of  accurate  know¬ 
ledge  obtained  by  these  researches,  has  so  developed  the  Salmon  fishery,, 
that  in  place  of  this  fish  being  only  obtainable  by  the  few  and  wealthy, 
it  is  now  every  season  so  cheap  and  abundant  as  to  he  found  on  tho 
table  of  the  artizan.  But  this  is  not  our  present  question,  the  Marine 
Aquarium  as  a  public  Institution  is  established  for  purj)oses  of  amuse- 
*ment  and  instruction.  As  mankind  becomes  more  highly  educated, 
higher  intellectual  recreation  will  not  be  a  luxury  hut  a  necessity,  and 
as  such  the  public  Aquarium  eminently  ranks  in  our  days.  May 
the  time  arrive  when  the  proposed  Marine  Aquarium  for  Birmingham 
shall  become  an  established  fact,  and  that  it  may  he  on  such  a  scale  as 
to  rival  or  even  surpass  those  of  other  cities,  either  English  or  Con¬ 
tinental,  which  already  possess  such  a  treasure  is  the  very  earnest  wish 
of  mine,  shared,  I  believe,  by  most  of  the  Members  of  this  Society. 
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POSTSCEIPT. 

VASCULUM  FOE  COLLECTING  MAEINE  ANIMALS. 

In  the  Zoologist  for  1864,  page  9,340,  I  described  a  newly  devised 
Vasculuin  which  I  had  in  nse  for  the  collection  and  transmission  of 
living  marine  animals  from  the  coast.  Since  that  time  my  friend, 
Mr.  W.  P.  Marshall,  has  been  good  enough  to  take  the  subject  in 
hand,  and  has  much  improved  upon  the  original  design,  which  after 
long  exjDerience  was  found  to  he  somewhat  too  heavy,  and  otherwise 
objectionable  in  consequence  of  the  chipping  off  of  the  enamel  with 
wliich  the  Vasculum,  was  coated.  I  think  it  not  inappropriate  to 
append  a  description  of  this  Vasculum — as  kindly  supplied  by  Mr. 
Marshall — to  the  foregoing  paper,  as  it  may  be  exceedingly  useful  for 
those  who  collect  personally,  or  who  require  their  specimens  to  be  for¬ 
warded  direct  from  the  sea  coast.  It  may  not  be  generally  known 
that  most  marine  animals  do  better  when  packed  in  damp  sea- weed 
than  when  transmitted  in  sea-water.  All  the  sea-anemones 
and  corals,  all  the  echinoderms,  many  crustaceans,  and  several  littoral 
species  of  fishes  may  be  packed  in  this  way.  Mr.  Lloyd,  in  a  very  in¬ 
teresting  Paper  in  the  Zoologist  for  Pebruary,  1874,  gave  an  elaborate 
account  of  the  best  modes  of  transmission  of  Aquarium  animals,  which 
may  be  read  with  advantage  by  all  Aquariists. 

The  following  is  Mr.  Marshall’s  description : — “Vasculum  or  collect- 
“  ing-can  for  aquatic  objects,  of  light  construction,  convenient  for 
“  carrying,  compact  when  open  for  use,  quite  plain  and  smooth,  and 
“free  from  any  recesses  in  which  small  objects  might  be  lost,  or  dirt 
“  accumulated,  and  readily  made  clean  and  dry  after  using. 
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It  consists  of  a  square  metal  can  (Fig.  9)  with  rounded  corners, 6 
‘‘  in.  long,  4|-  in.  wide,  and  6  in.  high,  with  a  flat  lid  having  a  perfora- 
ted  centre  for  ventilation ;  the  lid  is  without  any  lip  or  fastening, 
and  has  a  projecting  hinge  that  allows  it  to  hang  close  against  the  side 
“  of  the  can  when  open ;  and  the  can  has  a  square  shaped  wire  handle 
‘‘  that  falls  down  close  to  either  side,  and  has  a  wood  handle  threaded 
“  upon  the  centre  portion,  the  same  length  as  the  can. 

“The  bottom  half  of  the  can  forms  a  well  for  carrying  living 
“animal  and  vegetable  objects  in  water,  and  the  upper  half  is  occupied 
“by  a  metal  tray  3  in.  deep,  (Fig.  10)  that  fits  the  can  loosely,  and  is 
“  supported  at  each  end  by  a  narrow  lip  resting  upon  the  top  edge  of 
“  the  can.  This  tray  has  a  perforated  bottom  for  drainage,  and  a  vertical 
“  tube  f  in.  diameter  is  fixed  in  the  centre,  having  a  funnel  shaped  top 
“14  in.  in  diameter  level  with  the  top  of  the  can  ;  this  gives  access  to 
“the  well  whilst  the  tray  is  in  its  place,  and  also  serves  as  a  ventilator 
“  for  the  well,  and  a  handle  for  lifting  the  tray.”  Animals  not  requiring 
to  be  transmitted  in  sea-water  may  be  packed  in  damp  sea-weed  and 
placed  on  this  tray,  where  they  are  kept  from  being  crushed,  and  the 
medium  in  which  they  are  packed  is  constantly  preserved  moist,  by 
the  dashing  np  of  the  sea-water  in  the  well,  which  water  can  be  fre- 
qnently  changed  during  a  long  journey  without  much  difficulty. 

The  Yasculum  has  been  very  efficiently  and  economically  made  of 
copper  by  Mr.  T.  M.  AYalker,  ITJ  Lower  Priory,  and  the  Plating 
Company  (Limited),  82  Lichfield  Street,  Birmingham,  have  success¬ 
fully  coated  it  with  their  patent  nickel  deposit,  which  protects  the 
metal  from  any  action  of  sea  water,  and  preserves  every  part  perfectly 
bright  and  clear  as  silver — an  immense  advantage,  as  many  delicate 


.  A  LIST  OF  COLLECTORS,  ^'c.  OF  MARLINE  ANIMALS. 


marine  animals  succumb  under  the  effects  of  confinement  where  oxi¬ 
dation  is  going  on  from  water  coming  in  contact  with  iron,  tin,  zinc,  or 
indeed  with  any  metal,  so  far  as  my  experience  goes, — except  nickel, 
‘which  seems  to  be  absolutely  impervious  to  the  action  of  sea  water. 

LIST  OT  COLLECTOES,  &c.  OF  MAEINE  ANIMALS. 

As  I  have  been  frequently  asked  by  friends  and  others,  where  and 
from  whom  they  can  obtain  marine  animals,  I  have  thought  it  desirable 
to  furnish  the  names  of  collectors  of,  and  dealers  in  such  animals. 

If  marine  animals  are  wanted,  it  is  best  to  order  them  in  the  late 
autumn  or  early  spring  months,  because  on  account  of  the  low  tides 
prevailing,  rarer  and  finer  animals  can  be  secured,  and  they  wiU  bear 
travelling  far  better  when  the  temperature  is  low. 

The  following  names  of  Collectors  are  principally  taken  from  Mr, 
Lloyd’s  Handbook,  referred  to  in  my  Paper. 

Mr.  E.  Edwards,  Vrondeg,  IJpton  Park,  Chester. 

,,  J.  Holwell,  Morthoe,  Ilfracombe. 

„  W.  Jenkins,  2,  St.  Julian’s  Cottages,  Tenby. 

„  E.  Pile,  Swan  Street,  Torquay. 

„  J.  B.  Eandell,  19,  Allez  Street,  Guernsey. 

„  C.  Eogers,  18,  St.  Andrew  Street,  Plymouth. 

„  A.  J.  E.  Sclater,  Bank  Street,  Teignmouth. 

,,  E.  J.  Smith,  25,  St.  Alban’s  Eow,  Weymouth, 

„  J.  Thompson,  11,  York  Place,  Southend,  Essex. 

BRmmgham, 

March,  1875. 
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A  HISTORY  OF  BRITISH  QUADRUPEDS;  including  the 

Cetacea.  By  Thomas  Bell,  F.R.8.  &c.  Second  Edition,  I’evised  and  partly 
rewritten  by  the  Author,  assisted  by  E.  F.  Tomes  and  E.  E.  Alston.  8vo, 
illustrated  by  160  Woodcuts,  £l  6s.  ^ 

NATURAL  HISTORY  OF  THE  SPERM  WHALE,  and  a  Sketch 

of  a  South- Sea  Whaling  Voyage.  By  Thomas  Beale.  Post  8vo,  12s. 

HISTORY  AND  DESCRIPTION  OF  THE  SKELETON  OF  A 

SPERM  WHALE  in  the  Australian  Museum.  By  W.  8.  Wall,  Curator; 
together  with  some  Account  of  a  Genus  of  Sperm  Whales,!called  Euphysetes. 
2  Plates.  8'vo,  5s. 

HOUSE-DOGS  AND  SPORTING-DOGS :  their  Varieties,  Points 

Management,  Training,  Breeding,  Bearing,  and  Diseases.  By  John  Meyrick 
Fcp.  8vo,  3s.  Qd.  '  • 

A  GUIDE  TO  THE  QUADRUPEDS  AND  REPTILES  OF 

EUROPE,  with  Descriptions  of  all  the  Species.  By  Lord  Clermont.  Poa 
8vo,  7s. 


BIRDS. 

'  A  HISTORY  OF  BRITISH  BIRDS.  By  the  late  William 

Yarrell.  Fourth  Edition,  revised  and  enlarged  by  Professor  Newton, 
M.A.,  F.R.S.,  &c.  Volume  I.  8vo,  cloth,  containing  111  Illustrations  of  Species 
and  numerous  other  Engravings,  £1  Is.  To  be  continued  in  Farts  at  2s.  Gd.  each. 
The  Supplements  to  the  First  and  Second  Editions  are  still  to  be  had. 

COLOURED  ILLUSTRATIONS  OF  THE  EGGS  OF  BRITISH 

BIRDS,  with  Descriirtions  of  their  Nests  and  Nidification.  By  William  C. 
Hewitson.  Third  Edition,  2  Vols.  8vo,  £4  14s.  6d. 
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A  HANDBOOK  OF  BEITISH  BIRDS.  Showing  the  Distribution 

of  the  Eesident  and  Migratory  Birds  in  the  British  Islands,  with  an  Index  to 
the  Records  of  the  Barer  Species.  By  J.  E.  Harting,  F.L.S.  &c.  8vo,  7».  Sti. 

ORNITHOLOGICAL  SYNONYMS.  By  the  late  Hugh  Edwin 

Strickland,  M.A.,  F.R.S.,  &c.  Edited  by  Mrs.  Hugh  Edwin  Strickland 
and  Sir  William  JARDINE,  Bart.,  F.E.S.E.  &c.  8to.  Vol.  I.,  containing  the 
Order  Accipitres,  12s.  6^^. 

MONTAGU’S  DICTIONARY  OF  BRITISH  BIRDS.  Edited  by 

Edward  Newman,  F.L.S. ,  F.Z.S.,  &e.  8vo,  12s. 

THE  BIRDS  OF  EGYPT.  By  G.  Ernest  Shelley,  F.Z.S., 

F.E.G.S.,  &c.,  late  Captain  Grenadier  Guards.  Eoyal  8yo,  with  14  Coloured 
Plates,  £1  11s.  &d. 

THE  BIRDS  OF  NORFOLK.  By  Henry  Ste^^nson,  F.L.S. 

Vols.  I.  &  II.,  8vo,  each  10s.  M.;  Vol.  III.  will  complete  the  Work. 

ORNITHOLOGICAL  RAMBLES  IN  SUSSEX,  with  a  Catalogue 

of  the  Birds  of  that  County,  and  Remarks  on  their  Local  Distribution.  By 
A.  E.  Knox,  M.A.,  F.L.S.,  F.Z.S.  Third  Edition,  post  8vo,  7s.  M. 

THE  BIRDS  OF  MIDDLESEX.  A  contribution  to  the  Natural 

History  of  the  County.  By  J.  E.  Harting,  F.L.S.,  F.Z.S.  Post  8vo,  7s.  6d. 

THE  BIRDS  OF  THE  HUMBER  DISTRICT.  By  John 

CoRDEAUX,  of  Great  Cotes,  Ulceby.  Post  8yo,  6s. 

NOTES  ON  THE  BIRDS  OF  DAMARA  LAND  AND  THE 

ADJACENT  COUNTRIES  OP  SOUTH-WEST  AFRICA.  By  the  late 
Charles  John  Andersson.  Arranged  and  edited  by  John  Henry  Gurney  ; 
with  Additional  Notes  by  the  Editor.  8vo,  10s.  6d. 

THE  BIRDS  OF  SOMERSETSHIRE.  By  Cecil  Smith,  of 

Lydeard  House,  near  Taunton.  Post  8vo,  7s.  6d. 

THE  BIRDS  OF  JAMAICA.  By  P.  H.  Gosse,  F.R.S,  Post 

8vo,  10s. 

GEOGRAPHICAL  AND  COMPARATIVE  LIST  OF  THE 

BIRDS  OP  EUROPE  AND  NORTH  AMERICA.  By  Charles  Lucien 
Bonaparte,  Prince  of  Musignano.  8vo,  5s. 

A  DESCRIPTIVE  CATALOGUE  OF  THE  RAPTORIAL  BIRDS 

IN  THE  NORFOLK  AND  NORWICH  MUSEUM.  By  John  Henry 
Gurney.  Part  l,  imperial  8vo,  5s. 

FALCONER’S  FAVOURITES.  By  W.  Brodrick.  A  series  of 

Life-sized  Coloured  Portraits  of  all  the  British  species  of  Falcons  at  present 
used  in  Falconry.  Large  folio,  cloth,  £2  2s. 

FALCONRY  IN  THE  BRITISH  ISLES.  By  Messrs.  Sal^hn 

and  Brodrick.  Second  Edition,  with  New  Plates  and  Additions.  Imperial 
8vo,  £2  2s, 
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FALCONRY  IN  THE  VALLEY  OF  THE  INDUS.  By  R.  F. 

Burton.  Post  8vo,  with  4  Illustrations,  6s. 

OOTHECA  WOLLEYANA :  an  Illustrated  Catalogue  of  tlie  Col¬ 
lection  of  Birds’  Eggs  formed  by  the  late  John  Wolley,  Jun.,  M.A.,  F.Z.8. 
Edited  from  the  original  Notes  by  Alfred  Newton,  M.A.,  E.L.S.,  &c.  Part  1, 
Accipitres.  lioyal  8vo,  f  1  11«.  6d. 

SYSTEMATIC  CATALOGUE  OF  THE  EGGS  OF  BRITISH 

BIEDS,  arranged  with  a  view  to  supersede  the  use  of  Labels  for  Eggs.  By  the 
Key.  S.  C.  Malan,  M.A.,  M.A.S.  On  writing-paper,  8vo,  8s.  6d. 

THE  ORNITHOLOGY  OF  SHAKESPEARE,  Critically  Exa¬ 
mined,  Explained,  and  Illustrated.  By  J.  E.  Haritng,  E.L.S.,  F.Z.S.  8vo, 
12^.  6d. 

MEMOIRS  ON  THE  EXTINCT  WINGLESS  BIRDS  OF  NEW 

ZEALAND.  With  an  Appendix  on  those  of  England,  Australia,  Newfoundland, 
Mauritius,  and  Eodriguez.  By  Eichaed  Owen,  C.B.,  F.E.S.,  &c.  2  Vols. 
(Vol.  I.  text,  Vol.  II.  plates),  royal  4to,  boards,  £6  6^. 

THE  DODO  AND  ITS  KINDRED ;  or,  the  History,  Affinities,  and 

Osteology  of  the  Dodo,  Solitaire,  and  other  Extinct  Birds  of  the  Islands  Mau¬ 
ritius,  Eodriguez,  and  Bourbon.  By  H.  E.  Strickland,  M.A.,  F.G.S.,  F.E.G.S., 
and  E.  G.  Melville,  M.D.Edin.,  M.E.C.S.  EoyaL4to,  with  18  Plates  and 
other  Illustrations,  £l  Is. 

PHNTS  ON  SHORE-SHOOTING,  including  a  Chapter  on  Skinning 

and  Preserving  Birds.  By  J.  E.  Harting,  P.L.S.,  F.Z.S.  Post  8vo,  3s.  6d. 

A  LIST  OF  BRITISH  BIRDS.  The  Genera  arranged  according 

to  Sundevall’s  Method.  The  Nomenclature  revised  by  Henry  Thornton 
Wharton,  M.A.,  M.E.C.S.,  &c.  Post  8vo,  sewed,  6d. 

THE  IBIS,  a  Quarterly  Journal  of  Ornithology.  Edited  hy  Osbert 
,  Salvin,  M.A.,  F.E.S.,  &c.,  and  Philip  Lut'ley  SClatee,  M.A.,  F.E.S.,  &c. 
Annual  Prepaid  Subscription,  £1  Is.  Single  Numbers,  6s.  each. 

BULLETIN  OF  THE  NUTTALL  ORNITHOLOGICAL  CLUB 

(Cambridge,  Mass.  U.S.).  A  Quarterly  Journal  of  Ornithology.  Edited  by 
J.  A.  Allen,  S.  F.  Baird,'  and  Elliott  Codes.  Prepaid  Subscription,  12<. 
per  annum. 


REPTILES. 

HISTORY  OF  BRITISH  REPTILES.  By  Thomas  Bell,  F.R.S., 

President  of  the  Linnean  Society,  V.P.Z.S.,  &c..  Professor  of  Zoology  in  King’s 
College,  London.  Second  Edition,  with  50  Illustrations,  12s. 

THE  REPTILES  OF  EUROPE.  By  Lord  Clermont.  See 

page  1,  Mammals. 
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BOOKS  PUBLISHED  BY  MR.  VAN  VOORST. 


FISHES. 

YARKELL’S  HISTORY  OF  BRITISH  FISHES.  Third  Edition, 

with  Figures  and  Descriptions  of  the  additional  Species  by  Sir  John  Richardson, 
C.B.,  and  with  a  Portrait  and  Memoir.  2  Vols.  8vo,  522  Illustrations,  £3  3^. — 
The  First  and  Second  Supplements,  containing  the  additional  Species,  with  the 
Portrait  and  Memoir,  are  sold  separately,  for  the  convenience  of  purchasers  •  of 
the  earlier  Editions.  First  Supplement,  8vo,  7s.  6d. ;  Second  Supplement,  8vo,  5tf. 

GROWTH  OF  THE  SALMON  IN  FRESH  WATER.  '  By 

William  Yaerell,  F.R.S.  &c.  With  Six  Coloured  Illustrations  of  the  Fish 
of  the  natural  size,  exhibiting  its  structure  and  exact  appearance  at  various 
stages  during  the  first  two  years.  12«.,  sewedk 

THE  FISHES  OF  ZANZIBAR.  By  Lieut.-Colonel  R.  Lambert 

Playfair,  Her  Majesty’s  Political  Agent  and  Consul  at  Zanzibar,  and  Albert 
C.  L.  G.  Gunther,  M.A.,  Ph.D.,  M.D.  With  21  Plates  (16  of  them  Coloured), 
containing  67  Figures  of  the  Fishes.  Royal  4to,  cloth,  £3  3a. 

PRODUCTION  AND  MANAGEMENT  OF  FISH  IN  FRESH 

WATERS,  by  Artificial  Spawning,  Breeding,  and  Rearing.  By  Gottlieb 
,  Boccius.  8vo,  5a. 

HERALDRY  OF  FISH.  By  Thomas  Moule.  Nearly  600  families 

are  noticed  in  this  work,  and  besides  the  several  descriptions  of  fish,  fishing- 
nets,  and  boats,  are  included  also  mermaids,  tritons,  and  shell-fish.  Nearly 
70  ancient  seals  are  described,  and  upwards  of  20  subjects  in  stained  glass.  The 
engravings,  205  in  number,  are  from  stained  glass,  tombs,  sculpture  and  carving, 
medals  and  coins,  rolls  of  arms,  and  pedigrees.  8vo,  21s. ;  a  few  on  large  paper 
(royal  8vo)  for  colouring,  £2  2s. 

AN  ANGLER  S  RAMBLES.  By  Edward  Jesse,  F.L.S.,  Aiitlior 

of  ‘  Gleanings  in  Natural  History.’  Contents; — Thames  Fishing — Trolling  in 
Staffordshire — Perch  Fishing  Club— Tw'O  Days’  Fly-fishing  on  the  Test — Luck- 
ford  Fishing  Club— Grayling  Fishing — A  Visit  to  Oxford — The  Country  Clergy¬ 
man.  Post  8vo,  lOs.  6d. 

FLY-FISHING  IN  SALT  AND  FRESH  WATER.  With  6 

Coloured  Plates,  representing  Artificial  Flies,  &o.  8vo,  7s.  6d. 


MOLLUSCA. 

HISTORY  OF  BRITISH  MOLLUSCA  AND  THEIR  SHELLS.' 

By  Professor  Edward  Forbes,  F.R.S.  &c.,  and  Sylvanus  Hanley,  B.A., 
F.L.8.  Illustrated  by  a  figure  of  each  known  Animal  and  of  all  the  Shells, 
engraved  on  203  copper-plates.  4  Vols.  8vo,  £6  10s. ;  royal  8vo,  with  the  Plates 
Coloured,  £13. 

BRITISH  CONCHOLOGY" ;  or,  an  Account  of  tlie  Molliisca  which 

now  inhabit  the  British  Isles  and  the  surrounding  Seas ;  with  particulars  of  their 
habits  and disti’ibution.  By  J.  Gwyn  Jeffreys,  F.R.S.,  F.G.8.  Vols.  I.  to  IV., 
post  8vo,  12s.  each.  Vol.  V.,  containing  Coloured  Figures  of  all  the  Species, 
£2  17s.,  or  Plain,  £1  12s. 


JOHN  VAN  VOORST,  1  PATERNOSTER  ROW.  . 


BOOKS  BUBLISHEB  BY  MB.  VAN  VOOBST. 


5 


GENERA  OF  RECENT  MOLLUSCA,  an-anged  according  to  tlieir 

Organization.  Ey  Henry  and  Arthur  Adams.  This  work  contains  a  descrip¬ 
tion,  and  a  figure,  engraved  on  steel,  of  each  genus,  and  an  enumeration  of  all 
the  species,  a  Vols.  8vo,  £4  10s. ;  or  royal  8vo,  with  the  Plates  Coloured,  £9. 

THESAURUS  CONCHYLIORUM,  or  Figures  and  Descriptions  of 

Recent  Shells.  Edited  and  Illustrated  by  G.  B.  Sowerby,  F.L.S.  Parts  1  to  32, 
imperial  8vo,  £1  5s.  each. 

SYNOPSIS  OF  THE  MOLLUSCA  OF  GREAT  BRITAIN. 

Arranged  according  to  their  Natural  Affinities  and  Anatomical  Structure.  By 
W.  A.  Leach,  M.l).,  E.R.S.,  &c.  &c.  Post  8vo,  with  13  Plates,  14s. 

A  HISTORY  OF  THE  OYSTER  AND  THE  OYSTER  FISH¬ 

ERIES.  By  T.  C.  Eyton,  F.L.S. ,  F.Z.S.,  &c.  8yo,  with  6  Plates,  5s. 

RAMBLES  IN  SEARCH  OF  SHELLS,  LAND  AND  FRESH¬ 
WATER.  By  James  Edmund  Harting,  F.L.S.,  F.Z.S.,  &c.  Post  8vo,  cloth, 
with  Coloured  Illustrations,  7s.  6d. 

HISTORY  OF  THE  BRITISH  MARINE  TESTACEOUS  MOL- 

YuSCA.  By  William  Clark.  8vo,  15s. 

MALACOLOGIA  MONENSIS.  A  Catalogue  of  tlie  Mollusca  in¬ 
habiting  the-Isle  of  Man  and  the  neighbouring  Sea.  By  Edward  Forbes. 
Post  8vo,  3s. :  Edinburgh,  1838. 

INTRODUCTION  TO  CONCHOLOGY;  or.  Elements  of  the 

Natural  History  of  Molluscous  Animals.  By  George  Johnston,  M.H., 
LL.I).,  F.R.C.SIe.,  Author  of  ‘A  History  of  the  British  Zoophytes.’  8vo,  102 
Illustrations,  21s. 

CRUSTACEA,  ZOOPHYTES,  &c. 

HISTORY  OF  BRITISH  STALK-EYED  CRUSTACEA  (Lob¬ 
sters,  Crabs,  Prawns,  Shrimps,  &c.).  By  Thomas  Bell,  President  of  the 
Linnean  Society,  F.G.S.,’  F.Z.S.,  Professor  of  Zoology  in  King’s  College, 
London.  The  volume  is  illustrated  by  174  Engravings  of  Species  and  Tail¬ 
pieces.  8vo,  £l  5s. 

HISTORY  OF  BRITISH  SESSILE-EYED  CRUSTACEA  (Sand- 

hoppers  &c.).  By  C.  Spence  Bate,  F.L.S.,  and  J.  O.  Westw'ood,  F.L.S.  &c. 
With  Figures  of  all  the  Species  and  numerous  Tail-pieces.  Uniform  with  the 
Stalk-eyed  Crustacea  by  Professor  Bell.  2  Vols.  8vo,  £3. 

A  HISTORY  OF  THE  BRITISH  HYDROID  ZOOPHYTES. 

By  Thomas  Hincks,  B.A.  2  Vols.  8vo,  cloth,  with  67  Plates,  £2  2t. ;  large 
paper,  royal  8vo,  £4  4s. 

HISTORY  OF  THE  BRITISH  ZOOPHYTES.  By  George 

Johnston,  M.D.,  LL.H.  Second  Edition,  in  2  Vols.  8vo,  with  an  Illustration  of 
every  Species.  £2  2s. ;  or  on  large  paper,  royal  8vo,  £4  45. 
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BOOKS  PUBLISHED  BY  MB.  VAN  VOOBST. 


HISTORY  OF  BRITISH  STARFISHES,  AND  OTHER  ANI¬ 
MALS  OF  THE  CLASS  ECHINODEEMATA.  By  Edwaed  Foebes, 
M.W.8.,  Pi’ofessor  of  Botany  in  King’s  College,  London.  8vo,  with  more  than 
120  Illustrations,  15«. 

A  HISTORY  OF  THE  BRITISH  SEA -ANEMONES  'AND 

MADEEPOKES.  With  Coloured  Figures  of  all  the  Species.  By  PHILIP 
Hexey  Gosse,  F.E.S.  8vo,  £1  1«. 

A  MANUAL  OF  THE  SEA- ANEMONES  COMMONLY  FOUND 

OK  THE  ENGLISH  COAST,  By  the  Eev.  G.  TuGWELL.  Post  8vo,  Coloured 
Plates,  7s.  6d. 


THE  NORTH-ATLANTIC  SEA-BED  5  comprismg  a  Diary  of  the 

Voyage  on  board  H.M.S.  ‘  Bulldog’  in  1860,  and  Observations  on  the  Presence 
of  Animal  Life  and  the  Formation  and  Nature  of  Organic  Deposits  at  great 
depths  in  the  Ocean.  By  G.  C.  Wallich,  M.D.,  F.L.S.,  F.G.S.  Published 
with  the  sanction  of  the  Lords  Commissioners  of  the  Admiralty.  4to,  Part  1, 
with  Map  and  6  Plates,  15s. 

DEEP-SEA  RESEARCHES  ON  THE  BIOLOGY  OF  GLOBT- 

GEEINA.  By  G.  C.  Wallich,  M.D.,  Surgeon-Major  (retired  list)  H.M. 
Indian  Army.  8vo,  sewed,  with  a  2-page  Plate,  2s.  6d. 


MARINE  ZOOLOGY. 

MANUAL  OF  MARINE  ZOOLOGY  OF  THE  BRITISH  ISLES. 

By  P.  H.  Gosse,  F.E.S.  Parts  1  &  2,  fcp.  8vo,  7s.  6d.  each. 

THE  AQUARIAN  NATURALIST :  a  Manual  for  the  Seaside.  By 

Professor  T.  Eymee  Jones,  F.E.S.  Post  8vo,  with  8  Coloured  Plates,  18a. 

THE  SEASIDE  BOOK:  an  Introduction  to  the  Natural  History  of 

the  British  Coasts.  By  W.  H.  Harvey,  M.D.,  M.E.I.A.,  &c.  With  a  Chapter 
on  Fish  and  Fish  Diet,  by  Yaerell.  Fourth  Edition.  Fcp.  8vo,  with  83 
Woodcut  Illustrations,  5s. 


THE  AQUARIUM :  an  Unveiling  of  the  Wonders  of  the  Deep  Sea. 

By  P.  H.  Gosse,  F.E.S.  Post  8to,  Second  Edition  (without  the  Plates),  7s.  Qd. 

ON  THE  PRINCIPLES  AND  MANAGEMENT  OF  THE 

MAEINE  AQUAEIUM.  By  William  E.  Hughes,  F.L.S.  &c.  Demy  8to, 
cloth.  Illustrated,  2s.  6d. 


HANDBOOK  OF  THE  MARINE  AQUARIUM;  containing  Prac¬ 

tical  Instructions.  By  P.  H.  Gosse,  F.E.S.  Fcp.  8vo,  Second  Edition,  2s.  6d. 

TENBY :  A  SEASIDE  HOLIDAY.  By  P.  H.  Gosse,  F.R.S. 

Post  8vo,  with  24  Coloured  Plates,  21s. 
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ENTOMOLOGY. 

EXOTIC  BUTTERFLIES :  bein^  Illustrations  of  New  Species ; 

with  Coloured  Drawings  and  Descriptions.  By  William  C.  Hewitson.  In 
5  Vols.,  demy  4to,  price  £26  5s.,  half-bound  morocco. 

ILLUSTRATIONS  OF  DIURNAL  LEPIDOPTERA :  LYC^- 

NIDiE.  By  WILLIA3I  C.  Hewitsox.  Demy  4to.  Parts  1,  2,  3,  6,  &  7,  £1  5s. 
each ;  Parts  4  and  8,  £1  10s.  each ;  Part  5,  10s.  The  work  is  now  complete. 

A  MANUAL  OF  BRITISH  BUTTERFLIES  AND  MOTHS. 

By  H.  T.  Stainton.  With  many  Woodcuts;  12mo.  Vol.  I„  comprising  the 
Butterflies  and  stout-bodied  Moths,  4s.  6d,  Vol.  II.,  the  slender-bodied  and 
small  Moths,  6s.  5d. 

THE  NATURAL  HISTORY  OF  THE  TINEINA.  By  H.  T. 

Stainton,  assisted  by  Professor  Zellee,  J.  W.  Douglas,  and  Professor 
Peey.  Vols.  I.  to  XIII.,  with  Coloured  Plates,  125.  6d.  each. 

By  the  same  Author : — 

THE  TINEINA  OF  SOUTHERN  EUROPE.  8vo,  16s. 

THE  TINEINA  OF  SYRIA  AND  ASIA  MINOR.  8vo,  45. 
THE  TINEINA  OF  NORTH  AMERICA.  By  (tbe  late)  Dr. 

Brackeneidge  Cleaiens.  Being  a  collective  edition  of  his  writings  on  that 
group  of  insects.  With  Xotes  by  the  Editor,  H.  T.  StausTOH,  E.K.S.,  Sec.L.S. 
8vo,  125.  6d. 

THE  BRITISH  TORTRICES.  By  S.  J.  Wilkinson.  8vo,  with 

4  plates,  £1  5s. 

AUSTRALIAN  LEPIDOPTERA,  WITH  THEIR  TRANSFOR¬ 

MATIONS.  By  A.  W.  Scott,  M.A.  Polio.  Parts  1  to  3,  21s.  each. 

THE  LEPIDOPTERIST’S  GUIDE:  for  tlie  use  of  the  youno- 

Collector.  By  H.  Guard  Knaggs,  M.D.,  F.L.S.  Third  Thousand,  with 
numerous  woodcuts.  Post  8vo,  sewed,  Is. 

PRACTICAL  HINTS  RESPECTING  MOTHS  AND  BUTTER¬ 
FLIES,  with  notices  of  their  Localities  ;  forming  a  Calendar  of  Entomological 
Operations'  throughout  the  year,  in  pursuit  of  Lepidoptera.  By  Eichaed 
Shield.  12mo,  stiff-paper  wrapper,  3s. 

A  SYNONYMIC  CATALOGUE  OF  DIURNAL  LEPIDOPTERA. 

By  W.  F.  Kirby.  Containing  the  full  Synonymy  of  every  Species,  and  an 
Aljihabetical  Index  of  about  10,000  references.  8vo,  sewed,  £l  Is. — Also 
A  SUPPLEMENT  ;  bringing  down  the  Bibliography  to  June  1877.  8vo, 
sewed,  8s.  6d. 
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AN  ACCENTUATED  LIST  OF  THE  BEITISH  LEPIDOPTEEA, 

with  Hints  on  the  Derivation  of  the  Names.  Prepared  by  the  Entomological 
Societies  of  Oxford  and  Cambridge.  Svo,  5s. 

Tjie  List  without  the  Dehivations.  8vo,  sewed,  3t?. 

THE  CABINET  LIST  OF  THE  LEPIDOPTEEA  OF  GEEAT 

BEITAIN  AND  IRELAND.  By  H.  Ouakd  Knaggs,  M.D.  The  Tineina 
being  elaborated  by  H.  T.  Staintout,  E.R.S.,  F.L.S.,  &c.  Svo,  sewed,  Is.  6a. 

LIST  OF  BEITISH  LEPIDOPTEEA  FOE  LABELLING  CABI- 

NETS,  arranged  as  in  Stainton’s  ‘  Manual  of  Butterflies  and  Moths.  Sewed,  Is. 

INSECTA  MADEEENSIA  :  bein^  an  account  of  the  Insects  of  the 

Islands  of  the  Madeiran  G-roup.  By  T.  Veenon  WOLLASTON,  M.A.,  P.L.S., 
With  Coloured  Plates.  Royal  4to,  £2  2s. 

By  the  same  Author : —  . 

COLEOPTEEA  ATLANTIDUM :  being  an  enumeration  of  the 

Coleopterous  Insects  of  the  Madeiras,  Salvages,  and  Canaries.  Svo,  £1  Is. 

COLEOPTEEA  HESPEEITWM :  being  an  enumeration  of  the 

Coleopterous  Insects  of  the  Cape- Verde  Archipelago.  Svo,  10s.  6d. 

COLEOPTEEA  SANCT^E-HELEN^.  Svo,  with  a  Plate,  9s. 

A  MONOGEAPIHC  EEVISION  AND  SYNOPSIS  OF  THE 

TRICHOPTEEA  OF  THE  EUROPEAN  FAUNA.  By  Robeet  McLachlan, 
F.L.S.  &c.  Royal  Svo.  Part  1,  6s.;  Part  2,  8s. ;  Part  3,  45.  6d. ;  Part  4,  8s.  fid. ; 
Part  5, 8s. ;  Part  6,  7s.  6d. ;  Part  7,  8s.  6d.  Illustrated  with  Plates  by  the  Author. 

INSTEUOTIONS  FOE  THE  COLLECTION  AND  PEESEEVA- 

TION  OF  NEUROPTEROUS  INSECTS.  By  Robeet  McLachlan,  F.L.S. 
Svo,  sewed.  Is. 

THE  ANATOMY  AND  PHYSIOLOGY  OF  THE  BLOW-FLY 

(^Musca  vomiforia,  Linn.).  A  Monograph,  by  B.  T.  Lowne,  M.R.C.S.  Eng. 
Illustrated  with  10  Plates.  Svo,  12s  fid. 

ELEMENTS  OF  ENTOMOLOGY :  an  Outline  of  the  Natural 

History  and  Classification  of  British  Insects.  By  Wm,  S.  DALLAS,  F.L.S.  Post 
Svo,  85.  fid. 

THE  WOELD  OF  INSECTS ;  a  guide  to  its  wonders.  By  J.  W. 

Douglas.  12mo,  sewed,  3s.  fid. 

THE  INSECT  HIJNTEES,  and  other  Poems.  By  Edward  New¬ 
man,  F.L.S.  &c.  Second  E^tion.  Fcp.  Svo,  cloth,  2s.  fid. 

Fx4EM  INSECTS  :  being  the  Natural  History  and  Economy  of  the 

Insects  Injurious  to  the  Field  Crops  of  Great  Britain  and  Ireland,  and  also  those 
which  infest  Barns  and  Granaries,  with  suggestions  for  their  destruction.  By 
John  Cuetis,  F.L.S.  Illustrated  with  numerous  engravings.  A  Second  Edition 
in  preparation. 
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ON  THE  VARIATION  OF  SPECIES,  with  especial  reference  to 

the  Insecta :  followed  by  an  inquiry  into  the  nature  of  G-enera.  By  T.  Vebnox 
Wollaston,  M.A.,  F.L.8.  Post  8vo,  5s. 

ON  A  TRUE  PARTHENOGENESIS  IN  MOTHS  AND  BEES : 

a  contribution  to  the  History  of  Eeproduction  in  Animals.  By  Gael  T.  E.  VOX 
SlEBOLD.  Translated  by  W.  8.  Dallas,  F.L.8.  &c.  8to,  cloth,  5s. 

INSECTA  SAUNDERSIANA,  or  characters  of  nndescribed  Insects 

in  the  Collection  of  W.  Wilson  8aundees,  Esq.,  F.K.8.  &c.  8vo,  illustrated. 
Parts  1  to  8,  3s.  each ;  Part  9,  Is.  6d. 

THE  ENTOMOLOGISTS’  ANNUAL,  1855  to  1874.  Edited  by 

H.  T.  8TAINTON,  F.E.8.  Comprising  Notices  of  the  New  British  Insects  de~ 
tected  in  each  year,  with  other  original  papers.  Fcp.  8to,  sewed,  2s.  <6d.  each. 

THE  ENTOMOLOGISTS’  MONTHLY  MAGAZINE:  conducted 

by  J.  W.  Douglas,  E.  McLachlan,  F.L.S.,  E.  C.  Eye,  F.Z.S.,  and  H.  T. 
8TAINTON,  F.E.8.  On  the  first  of  every  month,  price  %d. 

The  14th  Volume  was  completed  in  May  1878.  8vo,  cloth,  7s. 


BOTANY. 

MANUAL  OF  BRITISH  BOTANY,  containing  the  Flowering 

Plants  and  Ferns,  arranged  according  to  the  Natural  Orders.  By  Professor 
Chaeles  Caedale  Babington,  M.A.,  F.E.8.,  &c.  Seventh  Edition,  revised 
throughout.  12mo,  cloth,  10s.  &d. ;  thin-paper  copies,  in  limp  leather  binding 
(for  the  pocket),  12s. 

BRITISH  wild  flowers.  Illustrated  by  John  E.  Soweeby. 

Described,  with  an  Introduction  and  a  Key  to  the  Natural  Orders,  by  C.  PlEE- 
POINT  J OHNSON.  Ee-issue,  to  which  is  now  added  a  SUPPLEMENT  containing 
180  new  figures,  comprising  lately  discovered  Flowering  Plants,  by  JOHN  W. 
Saltee,  A.L.8.,  F.G-.S.;  and  the  Ferns,  Horsetails,  and  Club-Mosses,  by 
John  E,  Soweeby.  Large  8vo,  with  1780  (Coloured  Figures,  £3  3s. 

AN  ILLUSTRATED  KEY  TO  THE  NATURAL  ORDERS  OF 

BEITISH  WILD  FLOWEE8.  By  John  E.  Soweeby.  With  9  Plates,  con¬ 
taining  112  Coloured  Figures.  8vo,  7s.  6<7. 

BRITISH  POISONOUS  PLANTS.  Illustrated  by  John  E. 

Soweeby.  Described  by  Chaeles  Johnson,  Botanical  Lecturer  at  Guy’s  Hos¬ 
pital  ;  and  C.  Pieepoint  Johnson.  Second  Edition,  containing  the  principal 
Poisonous  Fungi.  Post  8vo,  with  32  Coloured  Plates,  9s.  <6d. 

FERNS  OF  THE  BRITISH  ISLES.  Described  and  Photographed 

by  Sy.  C.  With  20  Plates,  giUng  photographs  of  all  the  Species,  Woodcuts 
showing  the  Fructification,  and  an  Illustrated  Glossary  of  Terms.  8vo,  10s.  6d. 

NEWMAN’S  BRITISH  FERNS,  comprising  under  each  species 

carefully  accurate  Figures,  detailed  Descriptions,  an  ample  List  of  Localities, 
and  minute  Instructions  for  Cultivating.  Demy  8vo,  18s.  Small  Edition,  Fcap. 
8vo,  2s. 
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THE  BRITISH  FERNS  AT  ONE  VIEW.  Bj  Berthold  See- 

MANN,  Ph.D.,  F.L.8.  Folding  Sheet  with  descriptions  of  the  Orders,  Tribes, 
and  Genera,  and  a  Coloured  Figure  of  a  portion  of  each  Species.  8to,  cloth,  Gs. 

MANUAL  OF  THE  BRITISH  MARINE  ALG^,  conthining 

Generic  and  Specific  Descriptions  of  all  the  known  British  Species  of  Sea¬ 
weeds,  with  Plates  to  illustrate  all  the  Genera.  By  Professor  W.  H.  Haevey. 
8vo,  £1  Is.  Coloured  Copies,  £1  11s.  Gd, 

AN  ELEMENTARY  COURSE  OF  BOTANY:  Structural, 

Physiological,  awd  Systematic.  By  Professor  Aethue  Heneeey,  F.R.S., 
F.L.S.,  &c.  Illustrated  by  upwards  of  600  Woodcuts.  Third  Edition,  by  Max- 
Well  T.  Masters,  M.D.,  F.E.S.,  F.L.S.,  &c..  Examiner  in  Botany  to  the  Uni¬ 
versity  of  London.  Post  8vo,  15s. 

RUDIMENTS  OF  BOTANY.  A  Familiar  Introduction  to  the 

study  of  Plants.  By  PeofessOE  Henfeey.  With  Illustrative  Woodcuts. 
Second  Edition,  fcp.  8vo,  85.  Gd. 

A  SET  OF  SIX  COLOURED  DIAGRAMS:  for  Schools  and 

Lectures.  By  Professor  Heneeey.  15s. 

VEGETATION  OF  EUROPE,  ITS  CONDITIONS  AND  CAUSES. 

By  Professor  Heneeey.  Fcp.  8vo,  5s. 

WEEDS  AND  WILD  FLOWERS.  By  Lady  Wilkinson.  Post 

8vo,  with  Coloured  Engravings  and  Woodcuts,  10s.  Gd. 

WALKS  AFTER  WILD  FL OWNERS  5  or  the  Botany  of  the 

Bohereens.  By  Eichaed  Dowden.  Fcp.  8vo,  4s.  Gd.  * 

THE  BRITISH  RUBI;  an  attempt  to  discriminate  the  Species  of 

Hubus  known  to  inhabit  the  British  Isles.  By  Professor  Babington.  Fcp. 
8vo,  5s. 

FLORA  OF  EASTBOURNE  ;  being  an  Introduction  to  the  Flower¬ 
ing  Plants,  Ferns,  &c.  of  the  Cuckmere  District,  East  Sussex.  By  F.  C.  S. 
Eopee,  F.L.S.,  F.G.8.,  &c.,  President  of  the  Eastbourne  Natural  History 
Society.  Post  8vo,  with  a  Ma^),  4s.  Gd. 

FLORA  OF  SURREY :  or,  A  Catalogue  of  the  Flowering  Plants 

and  Ferns  found  in  the  County,  with  the  Localities  of  the  rarer  Species  from 
the  MSS.  of  the  late  J.  D.  Salmon,  F.L.S.,  and  from  other  Sources.  Compiled 
by  J.  A.  Beewee.  Fcp.  8vo,  with  2  Maps,  Is.  Gd. 

CONTRIBUTIONS  TOWARDS  A  CYBELE  HIBERNICA.  By 

David  Mooee,  Ph.D.,  &c.,  and  A.  G.  More,  F.L.S.  Post  8vo,  10s.  Gd.  ^ 

FLORA  OF  CAMBRIDGESHIRE ;  or,  A  Catalogue  of  Plants 

found  in  the  County  of  Cambridge,  with  Eeferences  to  former  Catalogues,  and 
the  Localities  of  the  Earer  Species.  By  C.  C.  Babington,  M.A.,  F.E.S.,  F.L.S., 
&c.  12mo,  with  a  Map,  7s.  "  "  '* 
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FLORA  CAPENSIS ;  being  a  Systematic  Description  of  the  Plants 

of  the  Cape  Colony,  Caffraria,  and  Port  Natal.  By  Professor  Haevey  and  Dr. 
SoNDEE.  Vol.  I.  Eanunculaeeae  to  Connaracese,  8vo,  12s.  Vol.  II.  Legumi- 
uosee  to  Loranthacese,  12s.  Vol.  III.  Eubiacese  to  Campanulaceae,  18s. 

THESAURUS  CAPENSIS  ;  or,  Illustrations  of  tlie  Soutli-African 

Plora;  being  Figures  and  brief  Descriptions  of  South- African  Plants,  selected 
from  the  Dublin  University  Herbarium.  By  W.  H.  Haevey,  M.D.,  P.E.S., 
Professor  of  Botany  in  the  University  of  Dublin,  and  Keeper  of  the  Herbarium. 
8vo,  Vols.  I.  &  II.,  each  with  100  Plates,  uncoloured,  £1  Is.  each. 

FLORA  CALPENSIS.  Contributions  to  tbe  Botany  and  Topography 

of  Gibraltar.  By  E.  F.  Kelaaet,  M.D.,  F.L.S.,  &e.  8vo,  10s.  6d, 

REFUGIUM  BOTANICUM ;  or,  Figures  and  Descriptions  from 

Living  Specimens  of  Little-known  or  New  Plants  of  Botanical  interest.  Edited 
by  W.  WiLSOY  Saundees,  F.E.S.,  F.L.S.  The  Descriptions  by  H.  G.  Eeichey- 
BACH,  Professor  of  Botany  and  Director  of  the  Botanic  Garden,  Hamburg,  J. 
G.  Bakee,  F.L.S. ,  Assistant  Curator  of  Kew  Herbarium,  and  other  Botanists. 
The  Plates  by  W.  H.  PITCH.  Vols.  I.,  III.,  &  V.,  £1  5s.  each,  half-bound. 
Vol.  II.  Parts  1  &  2,  and  Vol.  V.  Part  1,  Is.  M.  each,  sewed. 

ICONES  PLANTARUM  INDI^  ORIENTALIS ;  or,  Plates  and 

Descriptions  of  New  and  Eare  Plants,  chiefly  from  Southern  India.  By  Major 
E.  H.  Beddome,  Officiating  Conservator  of  Forests  (Madras).  Parts  1  to  15, 
royal  4to,  sewed,  6s.  6d.  each. 


THE  ^FERNS  OF  SOUTHERN  INDIA,  being  Descriptions  and 

’plates  of  the  Ferns  of  the  Madras  Presidency.  By  Captain  E.  H.  Beddome, 
Officiating  Conservator  of  Forests.  Demy  4to,  sewed.  Parts  1  to  20,  £6  1  Os. 

FERNS  OF  BRITISH  INDIA.  By  Captain  Beddome.  4to, 

Vols.  I.  &  II.,  £4  each,  and  3  Parts,  6s.  6d.  each. — SUPPLEMENT  to  the  same, 

£1. 

NEREIS  BOREALI- AMERICANA  ;  or,  Contributions  towards 

History  of  the  Marine  Algae  of  the  Atlantic  and  Pacific  Coasts  of  North  America. 
By  Professor  Haevey.  Eoyal  4to,  with  50  Coloured  Plates,  £3. 

INDEX  GENERUM  ALGARUM ;  or,  A  Systematic  Catalogue  of 

the  Genera  of  Algae,  Marine  and  Freshwater  :  with  an  Alphabetical  Key  to  all 
the  Names  and  Synonyms.  By  Professor  Haevey.  8vo,  sewed,  2s.  M. 

MYCOLOGICAL  ILLUSTRATIONS.  Being  Figures  and  Descrip¬ 
tions  of  New  and  Eare  Hymenomycetous  Fungi.  Edited  by  W.  WiLSOY  Sauy- 
DEES,  F.L.S.,  and  WoETHiYGTOY  G.  Smith,  F.L.S.;  assisted  by  A.  W.  Bey- 
YETT,  M.A.,  F.L.S.  Parts  1  &  2,  super-royal  8vo,  sewed,  10s.  6d.  each. 

PRINCIPLES  OF  THE  ANATOMY  AND  PHYSIOLOGY  OF 

THE  VEGETABLE  CELL.  By  Hugo  Voy  Mohl.  Translated,  with  the 
Author’s  permission,  by  Aethue  Heyeeey,  F.E.S.  &c.  8vo,  wdth  an  Illustra¬ 
tive  Plate  and  numerous  Woodcuts,  Is.  Qd. 
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GEOLOGY  AND  MINERALOGY. 

lUSTORY  OF  BRITISH  FOSSIL  MAMMALS  AND  BIRDS. 

By  Professor  Owek.  This  volume  is  designed  as  a  companion  to  that  by  Pro¬ 
fessor  Bell  on  the  Eecent  Mammalia,  ‘  British  Quadrupeds  and  Cetacea.’ 
8vo,  -with  237  Illustrations,  £l  11s.  6d. 

THESAURUS  SILURICUS.  The  Flora  and  Fauna  of  the  Silurian 

Period,  with  Addenda  (from  recent  acquisitions).  By  JoHlf  J.  Bigsby,  M.D., 
P.G-.S.,  &c.  4to,  boards,  18s. 

By  the  same  Author : — 

THESAURUS  DEVONICO-CARBONIFERUS.  The  Flora  and 

Fauna  of  the  Devonian  and  Carboniferous  Periods.  The  G-enera  and  Species 
arranged  in  Tabular  Form,  showing  their  Horizons,  Eecurrences,  Localities,  and 
other  facts  ;  with  large  Addenda  from  recent  acquisitions.  4to,  boards,  £1  16s. 

FIGURES  OF  CHARACTERISTIC  BRITISH  FOSSILS ;  with 

Explanations  of  the  Plates  and  Descriptive  Eemarks.  By  WlEHAM  Hellier 
Baily,  F.L.S.,  F.G.S.,  M.E.I.A.,  Acting  Palaeontologist  to  the  Geological 
Survey  of  Ireland,  &c.  Vol.  I. — Palaeozoic,  with  42  Lithographic  Plates,  con¬ 
taining  over  700  Figures  and  several  Woodcuts.  8vo,  £1  Is.  plain ;  £2 
coloured. 

THE  YORKSHIRE  LIAS.  By  R.  Tate,  A.L.S.,  F.G.S.,and  J.  F. 

Blake,  M.A.,  F.G.S.  Illustrated  by  Woodcuts,  19  Lithographed  Plates  of 
Fossils,  and  a  large  Geologically  Coloured  Map.  8vo,  £1  8s. 

ELEMENTARY  COURSE  OF  GEOLOGY,  MINERALOGY, 

AND  PHYSICAL  GEOGEAPHY.  By  DavidT.  Ansted,  M.A.,  F.E.S.,  F.G.S., 
&c..  Consulting  Mining  Engineer.  Second  Edition.  Ee-issue,  with  important 
Notes  and  Additions,  post  8vo,  with  many  Illustrations,  12s. 

THE  ANCIENT  WORLD.  By  Professor  Ansted.  Second  Edi¬ 
tion,  post  8vo,  with  149  Illustrations,  10s.  6d.. 

GOLD-SEEKEp,’S  MANUAL.  By  Professor  Ansted.  Fcp.  8vo. 

3s.  6d. 

GEOLOGIST’S  TEXT-BOOK.  Chiefly  intended  as  a  Book  of  Re¬ 

ference  for  the  Geological  Student.  By  Professor  Aksteb.  Fcp.  8vo,  3s.  Qd. 

A  GEOLOGICAL  INQUIRY^  RESPECTING  THE  WWTER- 

BEAEING  STEATA  OF  THE  COUNTEY  AEOUND  LONDON,  with  Eefer- 
ence  especially  to  the  Water  Supply  of  the  Metropolis;  and  including  some 
Eemarks  on  Springs.  By  Joseph  tRESTWlCH,  F.E.S.,  F.G.S.,  &c.  8vo,  with 
a  Map  and  Woodcuts,  8s.  Qd. 

THE  GROUND  BENEATH  US.  Its  Geological  Phases  and 

Changes,  being  three  Lectures  on  the  Geology  of  Clapham  and  the  neighbour¬ 
hood  of  London  generally.  By  J.  Peestwich,  F.E.S.  &c.  8vo,  sewed,  with 
2  Plates,  3s.  6d. 
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LECTURE  ON  THE  ANTIQUITY  OF  MAN,  Illustrated  by  the 

Contents  of  Caves  and  Eelics  of  tbe  Cave-Folk.  By  Professor  T.  Eupekt 
'  Jones,  F.E.S.,  F.G-.S.,  &c.  8vo,  sewed,  with  folding  Sheet  of  Sections  and 
Illustrations,  Is. 


GEOLOGY.  By  Professor  John  Moreis,  F.G.S.  &c.,  and  Professor 

T.  Eupert  Jones,  F.G.S.  &c.  First  Series.  Heads  of  Lectures  on  Geology 
and  Mineralogy  in  several  Courses.  Fcp.  8vo,  2s.  Qd. 

MANUAL  OF  THE  MINERALOGY  OF  GREAT  BRITAIN 

AND  lEELAND.  By  Eobert  Philips  Greg,  F.G.S,,  and  William  G. 
Lettsom.  8vo,  with  numerous  Woodcuts,  15s. 


CHEMISTRY, 

ON  ALKALI  MANUFACTURES.  By  Professor  Lunge,  of  Zurich. 

In  the  pres^. 

EXPERIMENTAI.  RESEARCHES  IN  PURE,  APPLIED,  AND 

PHYSICAL  CHEMISTEY.  By  E.  Frankland,  Ph.D.  (Marburg),  D.C.L., 
F.E.S.,  Professor  of  Chemistry  in  the  Eoyal  School  of  Mines,  &c.  In  pne  thick- 
Volume,  8 VO,  £1  11s.  6^^. 


LECTURE  NOTES  FOR  CHEMICAL  STUDENTS.  By  Pro¬ 
fessor  Frankland.  Post  8vo.  Fifth  Thousand.  Vol.  I.  (Inorganic),  4s. 
Second  Edition.  Vol.  II.  (Organic),  6s. 


CHEMISTRY :  General,  Medical,  and  Pharmaceutical ;  including 

the  Chemistry  of  the  British  Pharmacopoeia.  By  John  Attfield,  Ph.D., 
F.C.S.,  Professor  of  Practical  Chemistry  to  the  Pharmaceutical  Society  of  Great 
Britain,  &e.  Sixth  Edition.  Illustrated.  Post  8vo,  i5s. 


THE  LABOR  ATORY  GUIDE :  A  Manual  of  Practical  Chemistry  for 

Colleges  and  Schools.  Specially  arranged  for  Agricultural  Students.  By  A.  H. 
Churcji,  M.A,,  Prpfessor.of  Chemistry  in  the  Agricultural  College,  Cirencester. 
Fourth  Edition  (Eevised).  6s,  6d. 


A  MANUAL  OF  INORGANIC  CHEMISTRY;  Arranged  to  faci¬ 
litate  the  Experimental  Demonstration  of  the  Facts  and  Principles  of  the 
Science.  By  Professors  C.  W.  Eliot  and  F.  H.  Storer,  of  the  Massachusetts 
Institute  of  Technology.  Second  Edition  (Revised).  Crown  8vo,  10s.  6d. 

ELEMENTS  OF  HEAT  AND  OF  NON-METALLIC  CHE- 

^  MISTRY.  By  Frederick  Guthrie,  B.A.,  Ph.D.,  &c.,  late  Professor  of  Che¬ 
mistry  and  Physics,  Royal  College,  Mauritius.  Intended  for  the  use  of  Can¬ 
didates  for  the  Matriculation  Pass  Examination  of  the  University  of  London. 
Post  8vo,  7s. 
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DESTRUCTIVE  DISTILLATION :  A  Manualette  of  tlie  Paraffin, 

Coal  Tar,  Rosin  Oil,  Petroleum,  and  Kindred  Industries.  By  Edmund  J. 
Mills,  D.Sc.  (Bond.),  E.R.S.,  “Young”  Professor  of  Technical  Chemistry  in 
Anderson’s  College,  Glasgow.  8vo,  2s.  6d. 

THE  MECHANICAL  THEORY  OF  HEAT,  with  its  Applications 

to  the  Steam-Engine  and  to  the  Physical  Properties  of  Bodies.  By  R.  Clausius, 
Professor  of  Physics  in  the  University  of  Zurich.  Edited  by  T.  Aechuk  Hiest, 
E.R.S.,  Professor  of  Mathematics  in  University  College,  London.  8vo,  cloth, 
lofi. 


HANDBOOK  OF  CHEMICAL  MANIPULATION.  By  C.  Gre- 

VILLE  Williams,  late  Principal  Assistant  in  the  Laboratories  of  the  Univer¬ 
sities  of  Edinburgh  and  Glasgow.  Post  8vo,  with  very  numerous  Woodcut 
Illustrations,  15s. 

DISCURSIVE  CHEMICAL  NOTES  IN  RHYME.  By  the  Author 

of  the  ‘Chemical  Review,’  a  B.  Part  I.  The  Kon-Metallics.  Sewed,  1«. 

JOURNAL  OF  THE  CHEMICAL  SOCIETY.  8vo.  Published 

Monthly.  Annual  Subscription,  £1  10s. 

INDEX  to  the  First  Twenty-five  Volumes  of  the  JOURNAL  OF 

THE  CHEMICAL  SOCIETY  (1848  to  1872)  and  to  the  MEMOIRS  AHD 
PROCEEDIKGS'  (1841  to  1847).  Compiled  by  Heney  Watts,  B.A.,  E.R.S., 
&c.  8vo,  sewed,  2s.  6d,  ' 


MICROSCOPY. 

THE  MICROGRAPHIO  DICTIONARY :  A  Guide  to  the  Exami¬ 
nation  and  Investigation  of  the  Structure  and  Kature  of  Microscopic  Objects. 
By  J.  W.  Geiefith,  M.D.  &c.,  and  Professor  Henfeey.  Third  Edition. 
Edited  by  Dr.  Gbiffith  and  Professor  Maetin  Duncan,  M.B.  Lond.,  P.R.S., 
&c.,  assisted  by  the  Rev.  M.  J.  Beekeley,  M.A.,  and  Professor  T.  Rupeet 
Jones,  P.R.S.  8vo,  cloth,  with  48  Kewly  Engraved  Plates  and  many  Woodcuts. 
£2  12s. 


AN  ELEMENTARY  TEXT -BOOK  OF  THE  MICROSCOPE. 

Including  a  description  of  the  Methods  of  Preparing  and  Mounting  Objects  &e., 
by  Dr.  Geiffith,  with  12  Coloured  Plates,  containing  451  Figures.  Post  8vo, 
7s.  6d. 


MICROSCOPIC  OBJECTS  FIGURED  AND  DESCRIBED.  By 

John  H.  Maetin,  Hon.  Sec.  to  the  Maidstone  and  Mid-Kent  Natural  History 
Society.  8vo,  cloth,  194  Illustrations,  14s. 


A  TREATISE  ON  THE  CONSTRUCTION,  PROPER  USE, 

AND  CAPABILITIES  OF  SMITH,  BECK,  AND  BECK’S  ACHROMATIC 
MICROSCOPE.  By  Richaed  Beck.  Royal  8vo,  with  numerous  Illustrations, 
£1  Is. 
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LOCAL  AND  GENEHAL  NATURAL  HISTORY,  &c. 

THE  NATURAL  HISTORY  AND  ANTIQUITIES  OF  SEL- 

BOENE,  in  the  County  of  Southampton.  By  the  late  Eev.  Gilbert  White, 
formerly  Fellow  of  Oriel  College,  Oxford.  Edited  by  Thomas  Bell,  F.E.S., 
F.L.S.,  E.G.8.,  &c..  Professor  of  Zoology  in  King’s  College,  London.  With  steel 
Plate  and  other  Illustrations,  2  Vols.,  demy  8vo,  £l  11«.  6(Z.  A  few  copies  have 
been  printed  on  larger  iia]Der,  royal  8vo,  with  the  Plates  on  India  paper,  £3 ,3s. 

THE  NATURAL  HISTORY  OF  SELBORNE.  By  the  late  Rev. 

Gilbert  White,  M.A.,  with  Notes  by  the  Eev.  Leonard  Jenyns,  M.A.,F.L.S., 
&c.  Fcp.  8vo,  with  26  Illustrations,  7s.  6d. 

NATURAL  HISTORY  OF  THE  COUNTY  OF  STAFFORD; 

comprising  its  Geology,  Zoology,  Botany,  and  Meteorology;  also  its  Antiquities, 
Topography,  Manufactures,  &c.  By  Eobert  Garner,  E.L.S.  With  a  Geo¬ 
logical  Map  and  other  Illustrations.  8vo,  with  a  Supplement,  lOs.  Price  of  the 
Supplement,  2s.  6d. 

THE  NATURAL  HISTORY  OF  THE  EUROPEAN  SEAS.  By 

the  late  Professor  Edward  Forbes,  F.E.S.  &c.  Edited  and  Continued  by 
Egbert  Godwin-Austen,  F.E.S.  Fcp.  8to,  5s. 

THE  CANADIAN  NATURALIST.  By  P.  H.  Gosse,  F.R.S. 

W  ith  44  Illustrations  of  the  most  remarkable  Animal  and  V egetable  productions. 
Post  8vo,  12s. 

GATHERINGS  OF  A  NATURALIST  IN  AUSTRALASIA; 

being  Observations  principally  on  the  Animal  and  Vegetable  Productions  of 
New  South  Wales,  New  Zealand,  and  some  of  the  Austral  Islands.  By  George 
Bennett,  M.D.,  F.L.S.,  F.Z.S.  8vo,  with  8  Coloured  Plates  and  24  Woodcuts, 
21s. 

NATURAL  HISTORY  OF  THE  AZORES  OR  WESTERN 

ISLANDS.  By  Frederick  DuC^vne  Godman,  F.L.S.,  F.Z.S.,  &c.  8vo,  9s. 

AUTUMNS  ON  THE  SPEY.  By  A.  E.  Knox,  M.A.,  F.L.S.,  &c. 

Post  8va,  with  4  Illustrations  by  Wolf,  6s. 

LETTERS  HOME,  FROM  SPAIN,  ALGERIA,  AND  BRAZIL, 

during  past  Entomological  Eambles.  By  the  Eev.  Hamlet  Clark,  M.A., 
•  F.L.S.  With  5  Chromolithographic  Plates.  8vo,  cloth,  7s.  6d. 

NATURAL  HISTORY  OF  TUTBURY.  By  Sir  Oswald  Mosley, 

Bart.,  D.C.L.,  F.L.S.  Together  with  the  Fauna  and  Flora  of  the  district  sur¬ 
rounding  Tutbury  and  Burton-on-Trent,  by  Edwin  Brown.  With  an  Appendix. 
Eoyal  8vo,  £1  Is. 

A  NATURALIST’S  RAMBLE  TO  THE  ORCADES.  ByA.W. 

Crichton,  B.A.,  F.L.S.,  F.Z.S.  Fcp.  8vo,  4s. 

PRODROMUS  FAUNH3  ZEYLANICHii,  being  Contributions  to 

the  Zoology  of  Ceylon.  By  E.  F.  Eelaart,  M.D.  Edin.,  F.L.S. i  F.Z.S.,  Staif- 
Surgeon,  Ceylon.  8vo,  lOs.  Qd. 
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ZOOI^OGIOAL  CLASSIFICATION :  A  Handbook  of  Eeference, 

with  Tables  of  the  Sub-kingdoms,  Classes,  Orders,  &c.,  of  the  Animal  Kingdom, 
their  Characters,  and  Lists  of  the  Families  and  principal  Genera.  By  Francis 
P.  Pascoe,  F.L.S.  &c.  Eoyal  18mo,  6«.  6d. 

ESSAYS  AND  OBSERVATIONS  ON  NATURAL  HISTORY, 

AKATOMY,  PHYSIOLOGY,  PSYCHOLOGY,  AKD  GEOLOGY.  By  John 
Hunter,  F.E.S.  Being  his  Posthumous  Papers  on  those  subjects,  arranged 
and  revised,  with  Hotes,  by  Professor  Eichard  Owen,  F.E.S.,  D.C.L.,  &c. 
2  Vols.  8vo,  £1  11s.  6d. 

ANATOMICAL  MANIPULATION;  or,  The  Methods  of  pursuing 

Practical  Investigations  in  Comparative  Anatomy  and  Physiology.  Also  an 
Introduction  to  the  Use  of  the  Microscope,  &c.  By  Alfred  Tulk,  M.E.C.S., 
M.E.S,,  and  Arthur  Henfrey,  F.L.S.,  M.Micr.S.  With  Illustrative  Dia- 
gi'ams.  Fcp.  8vo,  9s. 

FIRST  STEPS  TO  ANATOMY.  By  James  L.  Deummond,  M.D., 

Professor  of  Anatomy  and  Physiology  in  the  Belfast  Eoyal  Institution.  With 
12  Illustrative  Plates.  12mo,  5s. 

GENERAL  OUTLINE  OF  THE  ORGANIZATION  OF  THE 

ANIMAL  KINGDOM,  AND  MANUAL  OP  COMPAEATIVE  ANATOMY. 
By  T.  Eymer  Jones,  F.E.S.,  Professor  of  Comparative  Anatomy  in  King’s 
College,  London,  late  Fullerian  Professor  of  Physiology  to  the  Eoyal  Institution* 
of  Great  Britain,  &c.  &c.  Fourth  Edition,  illustrated  by  571  Engravings.  8vo, 
£1  11s.  6d. 

NATURAL  HISTORY  OF  ANIMALS;  being  the  Substance  of 

Three  Courses  of  Lectures  delivered  before  the  Eoyal  Institution  of  Great 
Britain.  By  T., Eymer  Jones,  F.E.S. ,  Professor  of  Zoology  in  King’s  College, 
London.  Post  8vo.  Vol.  I.  with  105  Illustrations;  Vol.  II.  with  104  Illustra¬ 
tions,  12s.  each. 

RESEARCHES  IN  ZOOLOGY,  Illustrative  of  the  Structure,  Habits, 

and  Economy  of  Animals.  By  John  Blackwall,  F.L.S.  Second  Edition. 
8vo,  7s.  6d. 

OBSERVATIONS  IN  NATURAL  HISTORY;  with  a  Calendar 

of  Periodic  Phenomena.  By  the  Eev.  Leonard  Jenyns,  M.A.,  F.L.S.  Post 
8vo,  10s.  6d, 

OBSERVATIONS  IN  METEOROLOGY ;  relating  to  Temperature, 

the  Winds,  Atmospheric  Pressure,  the  Aqueous  Phenomena  of  the  Atmosphere, 
Weather  Changes,  &c.  By  the  Eev.  Leonard  Jenyns,  M.A.,  F.L.S.,  &c. 
Post  8vo,  10s.  6«7. 

A  MANUAL  OF  NATURAL  HISTORY,  for  the  Use  of  Travel¬ 
lers;  being  a  Description  of  the  Families  of  the  Animal  and  Vegetable  King¬ 
doms  ;  with  Eemarks  on  the  Practical  Study  of  Geology  and  Meteorology.  To 
which  are  appended.  Directions  for  Collecting  and  Preserving.  By  Arthur 
Adams,  M.E.C.S.,  Wm.  Balfour  Baikie,  M.D.,  and  Charles  Barron, 
Curator  of  the  Eoyal  Museum  at  Haslar.  Post  8vo,  12s. 
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HUMBLE  CREATURES  (Part  I.)  :  THE  EARTHWORM  AND 

COMMON  HOUSEFLY.  In  Eight  Letters.  By  James  Samuelsok,  assisted 
by  J.  Beaxton  Hicks,  M.D.  Lond.,  F.L.8.  With  Microscopic  Illustrations 
by  the  Authors.  Second  Edition.  Post  8vo,  35.  6d. 

HUMBLE  CREATURES  (Part  11.)  :  THE  HONE Y-BEE ;  its 

Natural  History,  Habits,  Anatomy,  and  Microscopical  Beauties.  With  8  Tinted 
Illustrative  Plates.  By  James  Samuelsox,  assisted  by  Dr.  Hicks.  Post 
8vo,  6s. 

THE  HONEY-BEE;  its  Natural  History,  Physiology,  and  Manage¬ 
ment.  By  Edwaed  Bevan,  M.D.  Revised,  Enlarged,  and  Illustrated  by 
WiLEiAM  Augustus  Munn,  F.R.H.S.  &c.  Post  8vo,  cloth,  Is.  6d. 

ILLUSTRATIONS  OF  INSTINCT,  deduced  from  the  Habits  of 

British  Animals.  By  Jonathan  Couch,  F.L.S.,  Member  of  the  Royal  Geo¬ 
logical  Society  and  of  the  Royal  Institution  of  Cornwall,  &c.  Post  8vo,  8s.  6d. 

LETTERS  OF  RUSTICUS  ON  NATURAL  HISTORY.  Edited 

by  Edwaed  Newmax,  F.L.S.,  P.Z.S.,  &e.  8vo,  8s.  6d. 

THE  PHILOSOPHY  OF  EVOLUTION  (an  Actonian  Prize  Essay). 

By  B.  Thompson  Lowne,  M.R.G.S.,  F.L.S. ,  Lecturer  on  Physiology  at  the 
Middlesex  Hospital  Medical  School,  &c.  Post  8vo,  cloth,  with  8  Plates,  5s.  6d. 

ON  PARTHENOGENESIS  ;  or,  the  Successive  Production  of  Pro¬ 
creating  Individuals  from  a  Single  Ovum.  A  Discourse  delivered  at  the  Royal 
College  of  Surgeons  of  England.  By  Richaed  Owen,  F.R.S.  &c.  8vo,  5s. 

CATALOGUE  OF  BRITISH  VERTEBRATED  ANIMALS. 

Printed  for  Labels.  8vo,  sewed,  2s.  6d.  The  names  derived  from  Bell’s  Quad¬ 
rupeds  and  Reptiles,  and  YarrelTs  Birds  and  Fishes. 

THE  ZOOLOGICAL  RECORD  (in  continuation  of  the  Record  of 

Zoological  Literature).  Edited  by  Edwaed  Caldwell  Eye,  F.Z.8.,  Libra¬ 
rian  to  the  Royal  Geographical  Society.  8vo,  cloth,  £1  10s.  each  annual  Volume. 
The  Record  of  Zoological  Literature  commenced  with  the  year  1864, 

DESCRIPTIVE  ETHNOLOGY.  By  R.  G.  Latham,  M.A.,  M.D., 

F.R.S. ,&c,  2  Vols.  8vo,  £1  12s. — The  portion  of  the  Work  on  THE  ETHNO-r 
LOGY  OF  INDIA  is  sold  separately,  price  16s. 

Other  Works  on  Ethnology,  by  Dr,  Latham  :~r- 

NATURAL  HISTORY  OF  THE  VARIETIES  OF  MAN.  8vo, 

Illustrated,  £1  Is. 

ETHNOLOGY  OF  EUROPE.  Fcp.  8vo,  5s. 

ETHNOLOGY  OF  THE  BRITISH  ISLANDS.  Ecp.  8vo,  5s. 
ETHNOLOGY  OF  THE  BRITISH  COLONIES  AND  DE. 

PENDENCIES.  Fcp.  8vo,  5s. 

MAN  AND  HIS  MIGRATIONS.  Fcp.  8vo,  5s. 
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MEMOIR  OF  THE  REV.  J.  S.  HENSLOW,  M.A.,  F.L.S., 

F.G.S.,  F.C.P.S.,  Rector  of  Hitcham,  and  Professor  of  Botany  in  the  University 
of  Cambridge.  By  the  Rev.  Lkonaed  jEJfYNS,  M.A.,  F.L.S.,  F.G.S.,  F.C.P.S, 
Post  8vo,  with  a  Photographic  Portrait,  Is.  Gd. 

A  LIFE  OF  LINNH5US.  By  Miss  Brightwell^  of  Norwich. 

Pep.  8vo,  35.  6d. 

MEMOIR  OF  THE  LIFE  AN.H  WORKS  OF  EDWARD 

NEWMAI^",  F.L.S.,  F.Z.8.,  &c.  By  his  Son.  With  Portrait  taken  from  Life 
in  1866.  8vo,  sewed,  Is. 

GREAT  ARTISTS  AND  GREAT  ANATOMISTS:  a  Biogra¬ 

phical  and  Philosophical  Study.  By  R.  Knox,  M.D.,  F.R.S.E.  Post  8vo,J^«.-t><#. 

THE  ZOOLOGIST.  A  Sliilliog  Monthly  Journal  of  Natural  History. 

Edited  by  J.'  E.  IIaktinu,  F.L.S.,  F.Z.S,,  &c. 

_/ 

ARCHITECTURE,  FINE  ART,  &c. 

ON  THE  ARCHITECTURAL  HISTORY  OF  ELY  CATHE¬ 
DRAL.  By  the  Rev.  D.  J.  Stewaet,  M.A.,  Minor  Canon.  8vo,  cloth.  Illus¬ 
trated,  £1  l5. 

MANUAL  OF  GOTHIC  MOLDINGS.  A  Practical  Treatise  on 

their  formations,  gradual  development,  eordbinations,  and  varieties;  with  full 
directions  for  copying  them  and  for  determining  their  date^.  Illustrated  by 
uijwards  of  600  examples.  By  F.  A.  Payey,  M,A.  With  numerous  additions 
and  improvements  by  W.  M.  Fawcett,  M.Aj^  Fourth  Edition, 'Is.  6d. 

MANUAL  OF  GOTHIC  ARCHITECTURE.  'By  F.  A.  Paley, 

M.A.  With  a  full  Account  of  Monumental  Brasses  and  Ecclesiastical  Costume. 
Fcp.  8vo,  with  70  Illustrations,  65.  6d. 

TREATISE  ON  THE  RISE  AND  PROGRESS  OF  DECO- 

RATED  WINDOW  TRACERY  IN  ENGLAND.  By  Epmunu  Sharpe, 
M.A.,  Architect.  8vo,  Illustrated  with  97  Woodcuts  and  6  Ei^gravings  on  steel, 
105.  6d. 

SERIES  OF  ILLUSTRATIONS  OF  THE  WINDOW  TRA- 

CERY  OP  THE  DECORATED  STYLE  OP  ECCLESIASTICAL  ARCHI¬ 
TECTURE.  Edited,  with  Descriptions,  by  Mr,  Shaepe.  60  Engravings  on 
steel,  8vo,  215. 

BAPTISMAL  FONTS.  A  Series  of  125  Engravings,  examples  of 

the  different  periods,  aceompanied  with  Descriptions.  With  an  Introductory 
Essay  by  F.  A.  Paley,  M.A.,  Honorary  Secretary  of  the  Cambridge  Camden 
Society.  8vo,  £l  I5.  ,  ; 
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INSTRIBIENTA  ECCLESIASTIOA.  A  Series  of  Working  De- 

engraved  on  72  Plates,  for  the  Furniture,  Fittings,  and  Decorations  of 
Churches  and  their  Precincts.  Edited  by  the  Ecdesiological,  late  Cambridge 
Camden  Society.  4to,  £1  11s.  6d. — The  Second  Sekies  contains  a  Cemetery 
Chapel,  witli  Sick-house  and  Gateway  Tower— A  Wooden  Church — A  Chapel 
'  School— Schools  and  School-houses — A  Village  Hospital — An  Iron  Church — And 
Designs  for  Funeral  Fittings,  for  Timber  Belfries,  and  for  a  variety  of  Works 
in  Metal,  Wood,  and  Stone.  Price  also  £1  11s.  6i. 

THE  CHURCH  RESTORERS.  A  Tale  treating  of  Ancient  and 

Modern  Architecture  and  Church  Decorations.  By  F.  A.  Paley,  M.A.  Fcp. 
8vo,  4n.  6d. 

PERR  AN-ZABULOE ;  -with  an  Account  of  tlie  past  and  present 

state  of  the  Oratory  of  St.  Piran  in  the  Sands,  and  remarks  on  its  Antiquity. 
By  the  Eev.  Willelm  Haslam,  B.A.  Fop.  8vo,  Is.  6d. 

THE  VICAR  OF  WAKEFIELD.  With  82  Illustrations  by 

WixLiAla:  Muleeady,  K.A.  ;  engraved  by  John  Thompson.  First  reprint. 
Square  8vo,  10».  6d. 

WATTS’S  DIVINE  AND  MORAL  SONGS.  With  30  Illustra¬ 
tions  by  C.  W.  Cope,  A.E.A. ;  engraved  by  John  Thompson.  Square  8vo, 
7s.  6d.  - 

GRAY’S  ELEGY  IN  A  COUNTRY  CHURCHYARD.  Each 

Stanza  illustriEited  with  an  Engraving  on  Wood,  from  33  Original  Drawings. 
Elegantly  printed,  in  post  8vo,  cloth,  9s.  (Small  Edition,  2s.  6d.) — A  Polyglot 
Edition  of  this  Volume,  with  interpaged  Translations  in  the  Greek,  Latin, 
German,  Italian,  and  French  Languages.  12s. 
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GRAY’S  BARD.  With  Illustrations  by  the  Hon.  Mrs.  John 

Taxbot.  PostSvo,  7«. 

SHAKESPEARE’S  SEVEN  AGES  OF  MAN.  Illustrated  by 

Original  Designs  drawn  on  Wood  by  Mulready,  Constable,  Wilkie,  Collins, 
Chalon,  Cooper,  Callcott,  Landseer,  and  Hilton.  8vo,  6s. 


THE  FARMER’S  BOY  AND  OTHER  RURAL  TALES  AND 

POEMS.  By  Eobert  Bloomeield.  Fcp.  8vo,  7s.  dd.  With  13  Illustrations 
by- Sidney  Cooper,  Horsley,  Frederick  Tayler,  and  Thomas  Webster,  A.E.A. 

EMINENT  MEN  OF  THE  DAY.  Photographed  by  G.  C.  Wallich, 

M.Di.  Square  8vo,  cloth  gilt,  £1  Is,  This  Volume  contains  16  Portraits  of  Men 
eminent  in  Science. 

THE  POOR  ARTIST ;  or,  Seven  Eyesights  and  One  Object. 

‘SCIENCE  IN  FABLE.’  By  E.  H.  Horne,  Author  of  ‘Orion.’  Second 
Edition,  with  an  Essay  on  Varieties  of  Vision  in  Man.  Fcp.  8vo,  with  a  Frontis¬ 
piece,  5s.  .  v. 
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GENERAL  LITERATURE  ANU  SCIENCE. 

EVENING  THOUGHTS.  By  a  *  Physician,  Post  8vo,  Second 

Edition,  4«.  6d. — “We  cannot  help  expressing  a  wish  that  these  ‘Evening 
Thoughts  ’  may  not  be  the  only  contributions  to  general  literature  that  we  may 
have  from  a  mind  so  powerful,  so  cultivated,  and  so  gentle  as  that  of  the  Phy¬ 
sician  whose  pages  we  now  close.” — Guardian. 

THOUGHTS  OF  A  PHYSICIAN.  Being  a  Second  Series  of 
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